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ABSTRACT

This handbook is a compilation of the engineeriug
properties and handling characteristics of propellant-
grade hydrogen peroxide. The handboux includes data
and information on hydrogen peroxide physicochemical
properties, production, storability, waterials com-
patibility, waterials treatment and passivation,
facilities and equipient, disposol, &rnusportntion,

safety, and decomposition.
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S8ECTIOGN 1: INTRODUCTION

- GENERAL

" The discovery of hydrogen peroxide was reported to the Paris

" Academy of Sciences in July 1818 by Louis—Jacques Thenard and

" was initially described as oxidized water. The discovery was a
‘result of government-subsidited vesearch on the preparation of

voltaic cells. Thenard, in working with alkaline earth oxides,
discovered that the reaction of barium peroxide with cold nitric

, acid resulted in the formation of "oxygenated water." Thenard
 then conducted a fairly extensive study of hydrogen peroxide,

which included catalytic deccmposition studies, density determi-

nations, measurements of the volume of oxygen released, etc.

H2 noted extensive supercooling and the inability to achieve

appreciable concentration increases with crystallization tech-

‘niques, Thenard also reported that vacuum distillation could

continue to complete dryness in the reservoir without appreciable .
decoaposition, although the determination of normal boiling points
was impossible because of decemposition of the hydrogen peroxide,
His work led to the publication of several papers, which are

extensively summarized in Ref, 1.1,

In his work, Thenard ciies reaciions wiih some 130 clements,

oxides, salts, acide, and bases with frequent notations of
decomposition of the hydrogen peroxide. These decomposition
reactions vere sometimes accompanied with the note that "in these
decompositiona, chemical action is evidently missing; it is neces-
sary then, to attribute these actions to a physical cause; but the
actions are dependent on neither heat nor light, whence it follows
that they are probably due to electricity” (Ref. 1.1). These
“unexplained" reactions were later recognized by Berzelius (Ref.
1.2) in 1836 in the first notation of catalysts ond catalytic
activity.




Although Thenard's only noted uses for hydrogen peroxide were in
removing sulfide deposits on oil paintings and as a skio irritant
for medicinal purpeses, hydrogen peroxide and its aqueous solu-

~ tions bave found a nuzber of commercial applications since its
discovery. The primary bulk of this commercial use is limited to

- hydregen percxide grades of less than 52 percent H202 by weight;
these “"industrisl grades™ hav: been used for many years in tex-
tile and pulp bleaching, synthesis of chemical derivatives, the
‘menufacture ¢f foam rubber, the oxidation of dyes, the purifica-
tion of metal salt solutions, the treatmeni of meial surfaccs, etc.
The requirement for higher concenixrations and their subsequent
commercial development was based primarily on the establishment

of hydrogen peroxide as a acurce of energy.

_Hydrogen peroxide (in a 60 w/0 aqueous solution) was first uti-
lized as an encrgy source for underwater propulsion in Germsny in
'1934; this work led to its subsequent application (in higher con-

Jipentrntions) during World War II for auxiliary propulsion and gas
generetion concepts in aircraft and rockets., Its use in these
areas repculted from its thermally or catalytically initiated exo-

 thernic decomposition (with substantial heat release) to yield
a goseous mixture of oxygen and superheated steam. Although its
advanteges &s a monopropellant include a 47 w/¢ available oxygen

- eontent, Ligh density, high heiling pe
and nontoxic exhaust gases, the initial areas of application for
hydrogen peroxide were limited because of its questionable stoi-

- age stability.

The use of hydrogen peroxide has been expanded with improvements
in its stadbility, through stabilization additives and increased
purification. Currently, hydrogen peroxide is the primary mono-
propellant used for underwater propulsion, aerospace propulsion,
and auxiliary power concepts. HNydrogen peroxide/ﬁater solutions
can now be stored for extended periods without significant

decomposition (i.e,, decomposition rates of < 0.1 percent/year



ere readily attainable). Reaction control systems using hydro-
gen peroxide have already demonstrated space storability in excess
of 2 years (vith an estimated storabilitly of 5 years).

The use of hydrogen peroxide as a monopropellant in the aerospace
industry has beon widespread in the areas of atation maintenance,
space maneuvering, thrust vector control, power generation, etc,
Some examples of systems which have used or are presently utiliz-
ing bhydrogen peroxide include the V-2 (gas generator), Redstone
(gas gencrator), Mercury Spacecraft (reaction control system),
Scout (reaction control system-—2nd and 3rd stages), Little Joe II
(reaction control system), Burner II (reaction control system),
SATAR (reaction contirol sysiem), ASSET (reaction control system),
122Y (attitude control system), Lunar Landing Simulator (main
propulsion and attitude control systems), Astronaut Maneuvering
Unit \main propulsion), SYNCOM (reaction control system), COMSAT
(reaction control system), HS-303A "Blue Bird" (reaction control
syctem), ATS (reaction contirol system), Personnel Rocket Belt,
and X-15 (gas generator, reaction control, and auxiliary power
systems). Although the use of hydrogen peroxide in operational
bipropellant systems has been limited thus far to extremely high-
performance aircraft rockets, hydrogen peroxide is potentially
applicable to a variety of liquid bipropellant and hybrid propel-~

lant systeus.

This wideapread application potential of hydrogen peroxide has

led to the requirement for a comprehensive and definitive compil-
ation of physical, chemical, and handling properties of this
important oxidizer. As & vesult of thie interest, this handbook
represents a currsot summsry of the engineering properties of
propellant-grade hydroges peroxide. Propellant-grade hydrogen
peroxide is defined in this report as high-purity hydrogen
peroxide/smter iolutiana in which the hydrogesn poroxide coacen-
traticn is 2 70 percent by wpight. Withia thie consswtration
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range of futercst, solutions containing 70, 75, 90, 95, 98, and 100
percent by weight hydrogen peroxide have Lecn designated as con-

contrations of special interest.

1.2 BANDBOOK FORMAT

The material contained in this handbook has becen organized inte

sections, These are:

Sectiou 1: IXntroduction

Section 2: Physico-Chemical Properxties

Scction 3: Production

Scction 4: Storage and Handling

Section 5: Transportation

Section 0: Safety

Scection 7: Decomposition, Stabilization, and Catalysts

Section &: Bibliography

Each section is subdivided further to permit the user of this
handbook to obtain specific information expeditiously. The

material is arranged in such a manner as to permit convenient
‘updating of various seciions as data are gensrated from addi-

- . tional studies i1n these areas.

+n: ifhe interest of each individuul user may be limited to specific

?“*45“* “aspects of the subject material; howvever, it is reccamended that

"% ¢ persounel invelved in H,0, handling be thoroughly familiar with

smidoall of the engineering properties contained in this report,

ﬁwﬂﬁif&&Although every effort has been made to provide presently avail-

“akhle informatior on Hé02 in sufficient detail for most of the
w1 potential users of the handbook, sive limitations of the hand-

book obviously preclude inclusion of every conceivable detail,




Thus, for those usera who desire additioual details oun specific
ftems, cousultation of the many referenced publicatious is
recomucuded,

Wherever o serica of reports or papers huos been utilized to report
., the progress in a particular study, the data aud inforamation ref-
erenced are from final reports, whenever applicable. This was
done to eliminate coufusion in efforts wicre progress reports
included incomplete experimeutation and/or analysis of the data.
In those efforts where a final repoirt has not beeu issued or

doece not contain sufficient detosil of the itewm, tlie dala wire
taken from the latest progress report sontainiug the pertinent

results.

The tables figures, and refercuces noted in esach sectivn are con-
tained in that section for convenience. Each table, figurc, and
reference number is preceded by the section number (i.e,, Tuble 1.3
is the third table in Section 1, etc.).

Becauss the major portion of this haudbook is related to arcas
of «ngineering intcrest, all of the data ar presented ixn sagi-
meering terminology (i.e., English units). However, as a con-
venience to all of the users, data in certain sections (notably,
the physical properties section) of ihe handbook are¢ preseoted

’ tric and Buglish units., Where data are presentel in
beth units, tho attendant discussion indicales the units of the
referenced work,
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As a further convenience to the user, pbysical constants and
-conversion factors are presented in Tables 1.1 through 1.3 to
enable the user to convert the values to his particular needs,
Also, because these constants are presenied to the known dagree

of significance, they can be rounded tv fit particulsar needs.
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TABLE 1.1

PHYSICAL CONSTANTS

Remarks
Standard grevitutiounal
acceleration
Standard atwmosphere
Standard millimceter Hg

Thermochemical calorie

International Stiream
Tables calorie

Ice Point

Prer nre-Volume product
for idewna sro at 0 C

=

Molar 5 rn;.bnut

United States unit
United States unit
Avoirdupois

Uuitcd Btates uuit

Vaiue

32.1740 ft/accy
980.605 cm/sec
1,013,250 dyues,/sq cu
1333.2237 dxaes/sq cn

&.184C abs joulen
41.2929 20.0020 cu
¢ CR-a

1.000654 thermochem-
fical coaiories

§91.6880 10.0l8 R

273.160 20.010 K

22,414.6 20.4 cu cm-
ta,/g wole
2271.16 30.04 abe
Joules/g mole

8.31439 $0.00034 abe
Jjoules/K—g mole

1.98719 $0.00013 cal/

" K-g mole

82. g:zz 10,0034 cu cn-

-8 mole

59.47 cu ft-atm/BR-1b

mole

T
10.73% cu fi-paia,/R-1b
mole

1055.0k0 abs joulcs
252.161 thermochemical
calories

251.996 1. Y. calories
2.5:000508 ca
30.4800010 cm
453.592%277 g

0.133680%555 cu £t
3785.43449 cu o

Compilad by Bossini, F. D, ¢t a), American Petrolenm Institute

Rerczarch Project &4, U.S. Department of Comaerce, Natl.

Stendards, Circular 461, U.S, Governncnt Printing Offica,
Washington, D, C., 1947.



. -square
. square
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CONVERSION FACTORS

Temperature

¢ + 273.16 = K

F + 459.69 = R
(Cx1.8) + 32 =F
(F - 32)/1.8 = ¢
K(1.8) =R

Pressure

i%:atm x 14.69618 = psi

nmm Bg x 0.00131579 = atm

© mm HBg x 0.019337 = psi
g/8q cm x 0.00096784 = atw
g/sq cm x 0.0142234 = psi
bars x 0.98692 = atm
bars x 14,504 = psi
megabaryes x 1 = bars

.Masg

(mass) x 0.0062204622 = pounds (mass)

Length

centimeters x 0.393700 = inches
‘centimeters x 0.032808 = feet

Area
ceptimetuors x 0,15500 = square inches

centimeters x 0.001076% = square feet

feet x 144 = square inches

S
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- TABLE 1.2
‘(Concluded)

Viscosity

_centipoises x 0.672 x 107> = 1b,/ft-sec
- centistokes x 1.076 x 107 = eq £t/sec
{kinematic viscosity) x (density) = (absolute) viscosity

Thermal Conductivity

(cal/cm-sec-C) x 241.8588 = Btu/ft-hr-F

VYelocity of Sound

(m/sec) x 3.28083 = ft/sec

Compressibility

1

“(aq cw/dyne) x 1.01325 x 10° = atu”
- (ag em/dyme) x 6,847 x 10" = pai”

-




TABLE 1.2
(Coutinued)

Yolyse
cabic centimeters x 0.061023 = cubic inches
‘cubic centimeters x 3.531445 x 10”2 = cubic feet
cubic inches (U.S.) x 5.7870k x 10™! = cubic feet

Time

seconde/60 = winutes
seconds; 3600 = hours
saconds/86,400 = days

Force

dynes x 0.00101972 = grams (force)
grams (force) x 0.00220462 = pounds (force)

Density and Specific Volume

(&/cu cm) x 62.43 = 1b/cu ft
(cu cw/z) x 0.016018 = cu ft/1b

Surface Tension

(dynes/cm) x 6.8523 x 107 . lbf/ft

Thermodynamic Properties

(cal/g mole) x 1.8 = Btu/1b mole
(cal/g mole- K x I = Btu/1b mole - R
(Btu/1b mole)/mol. wt = Btu/1b
(Btu/1b mole- R)/mol. wt = Btu/1h - R

(Cal/g) x 1.8 = Btu/1b
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TABLE 1.3

TFMPERATURE CONVERSION

X tars
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2.1

SECTION 2: PHYSICO-CHEMICAL PROPERTIES

GENERAL DESCRIPTICN

drogen peroxidc is a chemical compound with the empirical formula
P
23"02. Because of the compound's complete miscibility with water

above 32 F, hydrogen peroxide is commercially available in aqueous

| g-olutions at concentrations to ~98 percent by weight Hﬁ02.
Propellant-grade hydrogen peroxide has generally been limited to

. aqueous solutions 2 70 w/o HéOz with regulation of the concentra-

tions and impurity levels of the more frequently applied propcllant

grades by government procurement specifications.

Bydrogen peroxide and its aqucous solutions are water-like in
appearance in both the liquid and solid states. Although hydrogen
peroxide is generally considered odorless, the odor of high vapor
concentrations has been described as sweet and comparable to the
odor of weak concentrations of ozonc and the halogens, Aqueous
hydrogen peroxide solutions are more dense, slightly more viscous,

and have higher boiling and lower freezing points than water,

Although hydrogen peroxide solutions arec normally insensitive to

shock and impact and are nonflammeble, they are active oxidizing

materials and can decompose exothermally to yield water and oxygen.
Because of their strong oxidizing nature and the liberation of
oxygen and heat during their decomposition, propellant-grade
solutions can initiate the vigorous combustion of many common
organic materials such as clothing, wood, wastes, etc. In the
absence of contamination, propellani-grade hydrogen peroxide
solutions are relatively stable (nominal decomposition rates are
0.1 percent per year) over ambient temperature ranges. However,

in the presence of higher temperatures and/or various contaminants

‘(including many inorganic materials), the decomposition rate is

13
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drastically increased. Rapid decomposition ceun occur in situaticns
where cxtrcme temperature levels and/or mass contamination are
present. As the decomposition rate increascs, the atiendant heat
relcase causcs additional decomposition; this bootstrap effect

can lead to a runaway reaction.

‘Bydrogen peroxide is normanlly stored, shipped, and handled as a

liquid under its own vapor pressure with provisions for relief of
pressure buildup. When stored and/or transferred in clean, pass-
ivated, compatible systems by properly educated and trained person-
nel, hydrogen peroxide does not present a scrious storage or

handling problea.
PHYSICAL MROPERTIES

A majority of the physical propertics of propellant-grade solutions
of hydrogen peroxide have been experimentally characterized (or ana-
lytically extrapolated) with a reasonable degree of accuracy over
ambient tcmperature ranges. However, because of the irncreasing
decomposition rates of these propellant solutions with increase

‘in temperature, very few measurements have been conducted above

200 F. 1In addition, the accuracy of data is questionable in
temperature ranges wvhere decomposition rates are relatively high.

This is evident in the discontinuity of some of the data at the

higher temperature ranges.

It should also be noted that the data reported for "pure" (or

100 w,/o) H202 is questionable since there is some doubt as to the
existence of H202 concentrations ahove 99.7 to 99.8 w/o. Some of
the data reported for 100 w/o H202 were obtained by extrapolation
of property data of H202 solutions of lower concentration, while
?ther experimental ameasurements reported on "100 w/o“ H202 ind)-
cated propellanti assays of "99+ percent," "99 0.5 percent,” etc.

Even for most of those siudies which report the H, 0, concentrations,

14



. ..the methods of determining these concentrations are not reported

or are based on an aseumption ¢l purity related to the purifica-
tion technique,

&

E

~Although it is suspected (because of discontinuities in the data)

- ~that many of the measurements on the "100 w/o" H200 represent, in

reality, measurcments on H,0, of lower concentrations, p opecrties
are reperted for 100 w/o H;O; wherever an extrapolation (from
lower concentrations) acem; ;ensonahle. This characterization is
of academic intereat only because ~ 98 w/o H202 is the highest
concentration presently available commercially. Future aerospace
indusiry utilization of higher concentrations appears unlikely

because of practical and economical considerations.

Nominal values for physical property data that are recommended as

the most representative of the existing data are summarized for
the "100", 98, 95, 90, 75, and 70 w/o hydrogen peroxide grades

in Table 2.1. All of the data presented are direct experimental
determinations or are derived from curve-fits of the experimental
data, except for those data referenced with an asterisk; the data

referenced with an asterisk were a result of calculations made

during the refcrenced work and based on standard analytical cor-

relations and physical relationships. The absencec of data on a
particular property is denoted by blank spaces in the tables,

Properiies tor which property-temperature relationﬁhips have
been established are noted in Table 2.1 with a figure or another
toble pumber; the corresponding property-temperature relationships
are shown in Fig. 2.1 through 2.23nand Tables 2.2 through 2.17.

- The graphical illustrations represent either curve-fite of the best
~available experimental data or analytical estimations of the

property; curve-fits of experimental data are noted witk a solid
line, while a dashed line designates calculated data.. Byuations
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2.2.1

2!2. l! l

2.2,1.2

resulting from computer curve-fits of some of the data are

prescented in attendant discussions,
The origin of the selected data is refercnced in each table

and figure. A brief discussion &f the avnilable data for

each property is presented in the following paragraphs.

General Jdentification
The physical classifications under general identification

are thosc properties that are used to identify hydrogen

peroxide and its physical state.

Molecular Weight. The molecular weight of hydrogen peroxide

was experimentally determined by freezing point depression

(Ref. 2.1 and 2.2) and vapor density (Ref. 2.3) measurements.
The rcsulis of these studies arc compurable to the value of
34,016 calculated from the Iniernmational Atomic Weights,

The mole percent and apparcnt molecular weight as a function

of weight peicent “206 for various aquecous sclutions of H:O&_ as

-

shown in Fig. 2.1, were calculated from the molecular weights

of H20 and B202 based on the International Atowic Weights.

Freezing Point. The deteimination of freezing and melting

points of H202-H20 sclutions is relatively difficult because
of the largc degree of supercooling possible with these solu-
tions. In addition, phase equilibrium mecasurements (Ref. 2.2)
have indicated that solid solutions arc not fermed in the
solidification of concentrated (greater than 65 w/o H,0,)

aqucous solutions of H202; instead, the solid consistis of

" crystale of H202 with occluded mother liquid. Thus, the

range of temperaturcs over which the material melts or freezes

is a function of the crystallization pattern of the Hﬁ02.

16



2,2.1.3

2.2,1.4

The frecerxing poxnt of 100 percent® ﬂ202 has been reported as

<0.61 € (31.17 ¥}, -0.43 € (31.23 F),and -0.41 C (31.26 F)

in Ref. 2.2, 2.4, and 2.5, respectively. Based on a repoirted
sanple purity of 99.97 m/o H502, the freezing point deter-

mination of Ref. 2.4 was sclected as represcntative of 100

.ycrccnt H202. Meusurcmcents of the freezing points of agueousn
molutions of 10, (Ref. 2.2) indicate eutectics at 45.2 w/o
o B0, and -52.4 € (-62.3 F), and at 61.2 w/o 1,0, and -56.5 C

( 09 7 F). The results of these measurements, which are
graphically illustrated in Fig. 2.2 and 2.2a, represent the
temperatures at which 20 to 30 percent of the¢ liquid had
solidified. Experimental melting point studies (Ref. 2.6),

based on observation of the temperature at which melting was

_ complete, resulted in slightly higher melting temperatures for

concentrations above 60 w/o B0,

A vuriety of experimental studies have produced no signifi-
cantly eflective frcezing point depreasants for propellant-
grade HRO2 solutions, Thease studies, described in detail in
Ref. 2.3 and 2.6 through 2.9, have shown that many additives
will form unstable or shock-scmsitive mixtures with H,0,.

Triple Point. The triple point of 99.97 m/o }1'202 wvas estimaied
as 272,74 K {-0.42 C or 31.24 F) from experimental heat of
fusion studies (Ref. 2.5). Although mo vapor pressure

measuremente have been made on solid E20 the vapor pres-
sure at the triple point has heen calculated (Ref. 2.10) as

0.25 mm Hg (0.005 psia).

Norvml Boiling Foint, The normal boiling points of propellant-

grade R202 solutions have not been experimentally determined
by conventional means since these points are in a temperature
region where thermal decomposition of the 8202_15 significant.

‘The normal boiling points listed in Table 2,1 and Fig. 2.3

» 17

s .



for projellant-grade H202-n20 solutions represent cxtrapola-
tious of the vapor presaure data of Section 2.2,2,4 to 1
atmospacre of pressure. Other references {i.e., Ref. 2.11
and 2.12) give very similar beiling points even though thesc
temperatures were calculated from extrapolations of different
individual scts of vapor pressurc data. The correlation of
these individual scts of data, which resulis in the newly
calculatcd normal boiling points, is discussed in Section
2.2.2.%,

2.2.L.5 Critical Propertiea, There has been no experimental deter-

- wminations of criticel propertlies of l!202 wince the compound

e

“ undergocs extensive dezcomposition before the critical tempera-

turc is achieved. However, because this properly iz of academic
intercst, the critical temperuture has been cstimated by

“* assuming that the critical temperature/boiling point ratio

S

of n202 is equal to that of water. Based on this technique,
a critical tempersture (Tc) of 458.8 C (857.8 F) has been
I reported for 100 w/o 1,0, (Ref. 2.11); another T, value of
" %57 € (855 1) for 100 w/o 1,0, which was alluded to in |
Nef. 2.12, was reported in Ref. 2,10, Using a vapor pres-
sure equation established in Ref, 2,12, the critical pressure,
‘ P_, vas calculated (Ref. 2.10) as 214 atmospheres (3140 psia)
at the latter Tc'

Using the estimated beiling point given in Table 2.1 and
correlation technique described above, a T_ of 733 K (460 ¢,
860 F) is recommended for 100 vw/o H,0,. An estimation
technique suggested in Ref, 2.12 (PE/Tc is equivalent for
both K0, and u20) rcsulted in a calculated and recommended
P of 247 atmospheres (3630 psia) for 106 w/o 1,0, using the
Tc value of 733 K. Peewdocritical constants were calculated
for the propeilanti-grade H202-H20 solutions through the use

of Kny's method (Ref. 2.13); the resulta of thease calcula-
tions are shown in Tadle 2,1 and in Fig. 2.3.
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2,2.2 Fhase Propertiice

Those properties of hydrogen pernxide,which arc associated with
one particular phase (cither solid, liquid, ox gas) have been
- grouped as phase properties.

2.2.2.1 Density. A deusity of 1.70 gm/cc (100.76 lb/cu It) was
‘vyouputed for solid 100-percent H202 from X-ray diffraction
weasurcments (Ref. 2.14) at -20 C (-4 F). Deusity measure-
L gentl on 5202-H20 solutions during cooling and freezing
(Ref. 2.15) indicated that true solid solutions of 1,0,,and
;B&O were not formed; this was later verified in Ref. 2.2,
Since the occlusion of the mother liquor occurred in freczing,
the measured densities were a function of the freezing
technique. KLowever, it was noted (Ref. 2.15) that solutions
. . containing < 45 %/o 8202 expand during freering and solutions
> 65 w/o B0, comwuct during freczing.

Experimental determinations of the liquid densities of wurious
\ﬂﬂé02—ﬂ20 solutions werc reported as a function of composition
in Ref. 2.6 (at 0 and iB C), Rei. 2.i5 (st 0 Cj, Ref. 2.16 (at
20 C), aud Ref. 2.17 (at 0, 10, 25, 50, and 96 C). In addition,
exporimc;tal studies have determined the density of 90 w/o H202
from 76 to 193 € (Ref. 2.18), and the demsity of 98 w/o K0,
from 27 to 105 C (Ref. 2.19). The data from these six studies
were simultancously curve fitted by a least-squares computer pro-
'gram, erd the following equation was found Lo adequately (actual
deviation for each experimental point was < 0.002 gn/cc) describe
the data from 0 to 193 C (32 to 379 F) over a concentration range
of 60 to 100 w/o 1,0, .
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2.2,2.2

W

 P(gnfec) "I ¢ 2455 x107W « 1.781 x10°W%6.76 x

- /) o =7 2-. -~

where W ie weight percent ll,,,()2 .
Converting to English units, this equation becomes:
P(1b/cu £1) = 66:166 +1.577 x 107w ¢ 1112 x 1070 -

-2 -6 2 -
2.31 x 1070 -4.7 x 10707, % -1.38 x 10 "ux:‘-F)

The curves described by these equations are graphically illus-
trated for propellani-grade ll202 solutions in Fig. 2.4 and

2.ka, respectively. .

Experimental vapor density measurcments (Ref. 2.%) at 92
C (165.6 F) show that H,0, is not associated in the vapor
state, If it is assumed that uo decomposition occurs, the
vapor Jensity may be calculated through use of ihe perfect

gas lav.

Coefficient of Thermal Fxpansion. Using the curve fits of the

_ density data, the cocfficients (culical) of theimal expansion

were calculated for propellant-grade 2&02-—%0 solutions from
0 to 100 C (32 to 212 F) through the following relationship:

1 a\)
A v =
Al (SEP




. . Curve fits of these calculations are presented in Fig. 2.5

x 2,2,2,3 Compressibility. The adiabatic compressibilities of H202

o

solutions were calculated (Ref. 2.16) from experimental density
‘ and sonic velocity data covering a temperature range of 3.5
ijfﬁfﬁﬁLto 33.5 C (38.3 to 92.3 F) and a concentration range of 0 to
| xi4f593.h m/o (0 to 96.5 w/o). These data were used to plot the
" adiabatic compressidilities of propellant-grade HQOQ solutione

.. shown in Fig. 2.6 ard 2.6a.

Although no experimental data have been reported on the isother-
mal comprgsaibility of HQGQ, the adiabatic compressibility,
density, and heat capacity data were used to calculate (Ref.2.16)
an isothermal compressibility of 26.51% x 10 -2 cm2/dyne

(26.865 x 1670 atm“l, 18.281 x 1077 psia‘l) for 100 w/o .0,

at 20 ¢ (68 F). -

2,2.2,%  Vapor Preasure. The vapor pressure data resulting from four

"Jdifferent experimental measurements (Ref. 2,11, 2,12, 2,20,
and 2,21) on various aqueoﬁsisplutions of H202 over temperature
ranges of ¢ to 90 C {32 to 194 F) have becn correlated. Using
" 'a least squares curve-fit computer program, these data were
" curve-fitted with the following equations (in the metric

system):

100 w/o 10, log Py o= 8.92536-2522,§g -246
&) T(x)

98 w/o .0, log Py, .y = 7-89728-1797.84 -134089
T . 2
() “{K)
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Wy ﬁf | - 1647.17 154665
o 72§ w/o H202 log P(mm Hg) = 7.68235 - T(K) - T( )2
M (K

vf&' § i?52Q w/e H,0, log P y u 7.67297 - 160647 - 157563
Rk e 2 (mm Hg) T(K) rr(K)2

TR 95 w/e H0, log P - 7.39108 - 122L:86 _ 187863
- 4 2 (mm Hg) T 2
®  Tw

: ’ 1354.10 181798
1_(_) w/o H202 10g P(m “g) = 7.!;2560 - T - >

- Converting these equations to English units resulted in the

. following:

100 w/o HQQQ log P

- 7.21175 - 4EB.68 _ 79947

(psia) T(R) T(

R)

3236.11 434448

98 w/o B0, log P, . | = 6.18367 -
— 2—2 (psia) T 2
R T
Y i _2964.91 501115
| w/o Hy0, log P(psia) 5.96874 T 5
¥ S (R) T(r)

2891.65 _ 510504

T 2
(R)  T(p)

v = B On
99 w/o H202 log P(psia) 5.95936

2433.35 _ 602196

T 2
® e

75 w/o H,0, log P(psi&) - 5.67747

i
E
B
®
1
D
l“é
(=)

10 w'o H202 log P(psia) 5.71199



2.2.2.5

2.2.2.6

The equations are illustrated graphically in Fig. 2.7 and 2.7a,
where the data are extrapolated to tempecratures above 90 C

(194 F) by assuming a linear relationship between the tewpera—
tures for which H202 solutions and water have the same vapor
pressures. These extrapolations were used to determine the
pseudo-boiling points (the temperatures where the pressures are

equivalent to 760 mm Hg) of the propellant-grade H 0, mixtures.

2

Vapor-Liquid Equilibrium. Vapor-liquid equilibrium compositions

-of K,0 —H20 solutions were detcrmined experimentally in two dif-

272
ferent studies (Ref. 2.12 and 2.21). Although comparable, there

are slight differences in the data at some of the temperatures.
The data of Ref. 2.12 were used in Ref, 2,22 to plot vapor com-
position and vapor-liquid equilibrium, and to calculate and
plot activity coefficients for the system. These plots arc

shown in Fig. 2.8 through 2.10.

Calculations (Ref. 2.23) of saturation pressure, activity coef-

ficients, and.vapor compositions have been made for three dif-

" ferent H202-H20 solutions (90, 81.5, and 65.4 w/o) at high

temperatures and pressures. The computation of these data,
which are shown in Table 2.2, are described in detail in Ref.
2.23. Although these computations were bused on assumptions

of H202 critical constants that are difterent (eritical tempera-

- e e

Surfece Teneion. The surface tensions of H.0 -H_ 0 solutions

2272
have been experimentally determined (Ref. 2.24) as a function

 of composition at 0 C (32 F) and 20 C (68 F). Graphical repre-

sentations of the data are shown in Fig. 2.11 and 2.1ls.
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2.2.3.2

2.2.3.3

%Phermodynamip Properties

" The H,0, properties which define energy changes in the physical

trangitions through the various solid, liquid, and gas states,
as well as in chemical changes, have been listed under thermo-

dynamic properties.

Heat of Formation. The heats of formation (A }{F) of propellant-
grade H202 solutions were calculated in this study from hcat of

dissociation data given in Ref. 2.25. Heat of fusion, heat of
vaporization, heat of mixing, and hcat capacity data used to
cheracterize the heat of formation over & range of temperatures,
phases, and concentrations are given in subsequent sections.

Data for the agueous solutions are presented as heats of forma-

““tion of tF: solution (which includes the heat of formation con-

tributions of both H,0 and H,0,, and the heat of mixing).

The AH‘F data for the liquid and solid phases of propellant-

22
Fig. 2.12 and 2.124, Figures 2.13 and 2.13a illustrate the

ISH% of the liquid at 25 C (77 F) as a function of composition.
02—H20#

"grade H,_O_ solutions are given in Tablecs 2.3 through 2.8 and  _

The heats of formation of the vapor of prdpellant—grgde H2

solutions are given in Tables 2.9 through 2.14.

Heat of Fusion. The heats of fusion of propellant-grade H002 '

solutione were taken from the experimental studies of Ref. 2.2;

these data are shown in Tables 2.3 througﬁ 2.8 as the chanée‘in
enthalpy at the freezing point.

Heat of Vanorization. The experimental datggdf‘nef. 2.26 were

used to plot the heats of vaporization of H202;H20 solutionas

as a function of temperature; curve-fits of fhe~data at 0, 25,
4%5, ard 60 C (32, 77, 11%, and 140 F) are shoﬁh‘ip.Fig. 2.14

R
T ve b

.."
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2.2.3.4.

2.2.3.5

2.2.3.6 .
' . represented in Fig. 2.16 and 2. 16a were converted from smoothed

2.2.3.7

and 2.14a. Heats of vaporization of propellant-grade H2 0
solutions at other temperatures can be obtained by computing
the difference in the heets of formation of the liquid (Tables
2.3 through 2.8) and vapor (Tables 2.9 through 2.1h4) phases of
the H20 —H20 solutiona at the corresponding temperatures and

H20 conceptratxons

Heat of Sublimation. The heat of "sublimation of 100 w/o H 02
hos been calculated (Ref. 2.10) from the heats of fusion and

".vaporization as 457.8 cnl/gm (824 Btu/1b).

Heat of Mixing. Graphical representations of the heats of mix-

ing .of propellant-grade H 0 -H20 solutions, shown in Fig. 2.15

and 2.151, were plotted from smoothed data given in Ref. 2.26.

‘These data represent experimentél data of the referenced work,

previous experimental studies (Ref. 2.25), and their extrapola-
tion to higher #emperaturea for comparison with the experiméntal
ddta of . Réf 2. 12 ‘ Excellent agreement is noted between the
data of Ref 2.26 and Ref. 2.12 except in the 20 to 30 w/o

H20 concentratxon range

l

Heat of Decomposition The heats of decomposition, graphically

‘data from the expexluental studles of Ref 2.25. The figurds

-~ H,0,_ H ¢ aolutiqnl“

or water vapor

1lluntrate the heats of ds coupouition of propellont-grade

222

Heat Capacity. Thq héut capaeitiea of aolid and liquid propellant-

grade H,0,-H,0 solutiunl pre ahovn in Tablea 2.8 through 2 13
and in Fig. 2.17 and 2 1‘7& rro- 0 to !.00 ; (o to 720 a)

'-’, ’ 'f

.
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heat cepucities of solid ll202 were taken from the data of

Ref. 2.5. Since solid solutions of H,0, and H,0 ure not formed
in the concentration region of interest, the heat capacities of
fhe‘jolxd phases of propellant-grade H202—H20 solutions were
assumed to be the sum of the individual heat capacitly contri-

butions of solid H20 and solid H202.

The liquid heat capacitiea were curve-fitted from the experi-
mental data of Ref. 2.25 and 2.26; these studies indicated that
the change in heat capacity of an H20 H 0 solutlon of constant
composition over the indicated tempenature range was of the order
\of the accurucyidf the éxpérimental data. ‘Experimental measure-
‘ments of liquid heat capacity were not conducted below 0 C

(32 F); therefore, the heat capacity was estimated in this re-
~gion using the heat capacity of supercooled H‘O and the extra-

2
«+» polated heat capacity contribution of the H202.

T \"\

£

During experimental heat transfcr studies at relatively high

, temperatures (Ref. 2.18), the heat capacities of 90 w/o H2 0
were indirectly determined from heat transfer data over z tem-
perature range of 240 to 380 F. An gqqation‘wés developed for
the data vhich indicated an increasing deviation of the experi-
mental data from the curve fit of the data with increasing
temperature. The differences in these data from extrapoiations
of the data presented in Fig. 2.17 and 2.17a, which are 0. 61

‘IBtu/lb-F (cal/gm—C), ere assumed to be the result of H, 0 de-

composition in the experimental study. . A

‘: The héat capacities of the vapor phase of propellant-grade H202
‘ solut1ons are glven in Tables 2.9 through 2 14. The origin of
-;"theee data 'is discussed in Section 2.2.3.9.

: .
. \
o \ . R . .
A . g

2.2.3.8 Enthropy‘and Enthalpy. The entropy and enthalpy of the solid

N

.'fﬁ ;J. . 'aﬁd liquid phaaes of propellant-grade H202 solutions were cal-
; \':*fg fi culated from the other thermodynanlc functions gtven 1n Tables 2.3
: 4, 'L.‘_‘ . . 'l‘ PR .
‘ . . ;. gq ,



2.2.4

through 2.8. The besis for the vapor-phace entropy and enthalpy

. data on propelleant-grade E202 solutions, given in Tables 2.9

through 2.1k is discussed in Bection 2.2.3.9.

Vapor-Phase Thermodynamic Properties. The thermodynamic proper-

ties of hydroger peroxide vapor were calculated (Ref. 2.27) from
structural data. These data, which replaced ecarlier reported
data (Ref. 2.28), were based on new spectroscopic measurements

“(Ref. 2.29) and new calorimetric data (Ref. 2.5 and 2.25). The
" primary difference in the presently accepted values and those

reported earlier are in the internal rotation values.

The structural values used by Ref. 2.27 in the computation of

the vapor-phase thermodynamic properties, givea in Tables 2.9

‘through 2.14, are:

r 0-H = 0.965 A v, = 3610 ca
r0-0 = 1.49 A U, = 1350 cu”!
" & QOH =~ 100 degrees v, = 880 !
© = 95 degrees v, = 520 e}
1, = 2.785x 10 %m v, = 3610 e}
Ig = 34.0 x 10740 gm-cm2 Vg = 1266 cm_l
Iﬂ - 33.8 x iG—ho g.-z-e.e2 g =2
I, = 0-696 x 10" 0 cm?

Transport Properties

A\

All properties of propellant-grade solutions of 8202 that in-
volve the transfer of mass or energy at “he molecular level
are presented in the following paragrap@g,\y%

o
-
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2.2.4.1 Viscosity. Experimental detcrminations of the viscosity of
’ liquid H202—H20 solutions ranging in composition from 0 to

100 w/o H,0,, have been reported in Ref. 2.6 (0 and 18 C),
Ref. 2.24 (0 and 20 C), and Ref. 2.22 (0, 25, and 5 C). Curve-
fits of these data at 0, 20, 25, and 50 C (32, G8, 77, and 122 F)
are graphically illustrated as a function of w/o H202 (from 50
to 100 w/0) in Fig. 2.18 and 2.18a. In addition, viscosity
measurcments have been conducted on 98 w/o 1,0, (Ref. 2.19) from
20 to 85 C (68 to 185 F) and on 90 w/o H,0,, (Ref. 2.18) from
77 to 325 F (25 to 162.8 C). The data for 98 and 70 w/o 1,0,
from the various sources has becn plotted as a function of tem-
perature and compared to the viscosity of water in Fig. 2.19
and 2.19%.

The viscosity of the vapor phase of H20 —H20 solutions at 1

2
atmosphere has been calculated (from experimentally determined

data) as reported in Ref. 2.30. An equation (Ref. 2.30) repre-
senting these data from 100 to 300 C (212 to 540 F) with an

estimated precision of %2 percent is given as:

p (micropoises) = 134 + 0.35 [T(C) - 100] -14 Y
where
Y = moie fraction ﬁ202 in vapor

This equaticn, comparing the vapor viscosity of water witl 100

w/o H202, is graphically represented in Fig. 2.20.

2.2.4.2 Thermal Conductivity. Experimental measurements of the thermal

conductivity of H202-H20 solutions have been limited to deter-
minations (Ref. 2.22) on 98.2 w/o H)0, at 0 C (32 F) and 25 C
(77 F) and on 50 w/o H202 at 25 C; resulting thermal conductiv-

ities were 0.321. 0.339, and 0.347 Btu/hr-ft-F, respectively.



2.2.4.3

2.2.4.4

2.2.5

Using the two experimentsal data points, the thermul conductivity
of 98.2 w/o H202 was extrapolated to the critical point (Ref.
2.31). This extrapolation, shown in Fig. 2.21, uned H20 as a
refercence substance and assumed no deromposition and a therwmal
conductivity of 0.100 Btu/hr-ft-F at the critical point.

Experimental hecat transfer studies (Ref. 2.19) indicated that
the estimated thermal conductivitices reported in Ref. 2.31 agree
reasonably well with those calculated from the experimental heat

trangfer data.

Coefficient of Diffusion. The experimental determination of the

diffusion coefficient of liquid H202 into water has been reportéd
(Ref. 2.32) for 0.17 w/o H,0, from 0 to 40 C (32 to 104 F) und
for 0.019, 1.44, and 7.92 ;/; n,0, at 20 C (6B F). At 20 C

(68 F), the diffusion coefficients were <1.2 cm2/day for the

concentrations studied.

The diffupion coefficient of H202 vapor into air was cxperi-
mwentally determined (Ref. 2.33) in a vertical tube as 0.188
cn2/sec at 60 C (140 F) and l-atmosphere pressurc. This can

be compared to a diffusion coefficient of 0.320 cm>/sec reported

(Ref. 2.34) for water vapor under identical conditions.

Sonic Velocity. The velocity of sound was experimentally
meacured (hef. 2.16) in H,0,-H,0 solutions from 3.5 to
3%.5 C (38.3 to 92.3 F). These data are plotted for
propellant-grade 8202 solutions in Fig. 2.22 and 2,22a.

Electromagnetic Properties

The electrical, magnetic, and electromagnetic (optical) proper-

ties of H, 0, have been grouped as electromagnetic properties.
2 3
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2.2.5.3

These properties gencrally arc related to the electronic

" structure of the antoms in contrest to the transport properties

which involve only molecular movement.

Index of Refraction. The refractive indexes of H202~H20 solu-
tions werc experimentally determined (Ref. 2.15) using the sodiuw
D line. The data for propellant-grade H202-H20 aolutions are
presented in Table 2.15 at 25 € (77 F) with a tempcrature cor-

rection guide,

Dipole Moment. Calculated dipole moments of H202 were reported
as 2.22 Debye (or 2.22 x 10" Bcsu-cm) and 2.05 Debye in Ref.
2.35 and 2.36, respectively. In addition, a valuec of 2.20 Decbye
was estimnted (Ref. 2.37) from the Stark cffect, and a velue
of 2.13 Debye was determined (Ref. 2.38) for H,0, in dioxane.

The latter value wus selected as the representative dipole

moment for H202.

Dielectric Constant. Figures 2.23 and 2.2% shew the dielectric

constants of propellant-grade H202—H20 solutions as a function
of temperature. Theae data were interpolated from the experi-
mental studies reported in Ref. 2.39, in which the dielectric
constauis were determined as a function of composiiion at con-
stant temperaturcs frow -40 to 30 C (<40 to 86 F). Because

of the supercooling of the u202-n20 golutions, measurecments
were obtained on the liquid below the freezing point. The data
from the measurements on 100 w/o 3202 were curve-fitted from

~00 to 30 C (~76 to 86 F) to the following equation (Ref. 2.40):

€ = 84.2 - 0.02 T(C) + O.OOBQT(C)2
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2.2.5.4

2.2.5.5

Electrical Conductivity. The conductivity of "pure" H202 has
been reported by aseveral investigators with valucs ranging froa
2 to 0.%9 micromhos (microohma~l). Experimental studiecs (Ref.
2.41) of the ¢onductivity of unatabilized H202 wcfe coi.ducted as
a possible mcans of determining its purity. The results of this

study are sumnarized as follows:

1. Fractional crystallization reduced the conductivity of
commercial 90 w/o M0, (11.5 microohms ™) at 25 C) to
approximately one-h;l; (5.0 microohms ! at 25 C) of
its initial value, while increasing its conccntration
to 98+ w/o H202.

=]

Distillation of the crystallized N0, reduced its
specific conductance to ~2 microwhos. This valuc com-

parcd with that reported in carlier studies (Hef. 2.42).

3. A second distillation of the crystallized and once-
digtilled H202 reduced its specific conductance to
1.2 micromhos; this valuc was still greater than that
reported in Ref. 2.43 and 2.44.

4. The specific conductance of both 98 w/o H202 and de-
ionized water increased on storage in contact with
Pyrex glass. A conclusion of these studie; indicated
that only a rough correlation between low electriczl
conductivity and high stability was found {or that
electrical conductivity per se is not a reliable in-
dicator of stability).

The electrical conductivity of both water and hydrogen peroxide
is increased by the addition of one to the other.

Magnetic-Optic Rotation (Verdet Constant). Although not op-

_ tically active, H202, when placed in a magnetic field, will
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haﬂxﬁi‘ﬁ,;ﬂg$ﬁ£l~gggwtng glqne ol pol;r&:ed light This is expreascd as:

iAo

¢ = kiR
. ' \%
vhere

& = degiree of rotation
{ = path length
H = ficld strength

kv = Verdet constant

The Verdet constant, k,, as reported in Ref. 2.45 at 10 C (50 F),
is shown for various HOOO—HQO solutions in Table 2.16,

Magnetic Susceptibility. Hydrogen peroxide is diamagnetic.

The magnetic suaceptibility of liguid H202 has been summarized
in Ref. 2.10.

Values of -9.73 x 10—6 cgs~emu/cc at 10 €, -0.50 x 10_6 cgs—emu/g,
-17 x 10—6 cgs—ewu/g wol, and 0.9999902 are reported for the
volume susceptibility (K), mass susceptibility (X ), molar sus-
ceplibility (Xm), and permeability (P), respectlvelg In addi-
tion, an eguaiiovn expre he

8ing Wass

o
&
o
a

!

solutions at 10 ¢ (50 F; is given as:
X x 100 = -0.720 + 0.218 w
where
w = weight fraction H202
The susceptibility of the solid becomes more poxitive ﬁpon~

freczing, while the susceptibility of the vapor is agsumed to

be the sume as the liquid,
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2.2.5.7

Other Molecular and Electromagnetic Properties. A number of

miscellaneous molecular and electromegnetic properties heve
been summarized for H202 in Table 2.17. The origin of these
data is referenced in the table,.

Structure and Spectra

The equilibrium geometry of hydrogen peroxide was established

by an electron diffraction study (Ref. 2.48). This was sup-

ported by an X-ray study (Ref. 2.14) with limited least-squares
data reduction, an infrared study (Ref. 2.49 and 2.50), and &
microwave study (Ref, 2.37 and 2.51). The results of these

studies are summarized in TalLle 2.18. The infrared study may

be regarded as definitive, although the structure of the solid,

as determined by X-ray, may be appreciably different from the

gas phase. The X-ray study may be queationed, however, because .
the data analysis used visual intensity estimation and primitivé
nurerical machines. The rotational constants measured in the infra-

red are A’ = 10.356 cm‘l, B' = 0.8656 cm‘l, C' = 0.8270 cm“l,

DJ—T 4.5 x 107° cm_l, Dy = 7.5 x 107" cm"l, and Do = -2 x 1072
cm . Dipole moments of 3.15 £0.05 D and 3.24 10.05 D were
measured (Ref. 2.51) for each of the two potential minima, A
far infrared study (Ref. 2.50) showed the angle T has two
equilibrium values (with the iowest ai 111.5 degrees 10.5) and
determined an accurate hindered-rotation potential function.

The best geometric parameters are those underlined in fable 2.18.

Hydrogen peroxide forms tetragonal crystals, space group

BZ - P&lﬁl, upon freezing (Ref. 2.14). There are four molecules
in the unit cell of dimensions a = b.OGK and ¢ = 8.002, The
crystal structure has been completely determined, and the vol-
ume of the unit cell is 1319A3(Ref. 2.14). This gives a crystal
density of 1.70 ga/cc.
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Hydrogen peroxide is the simplest wolecule having an internal

- retation motion, and, therefore, has had fairly extensive study

" 'with respect to absorption spectra. Hindered internal rota-

tion effects are observed in all regiuns of the spectrum.
Exfenaive studies have been conducted on the vapor, the crystal-
line solid, and dilute solutions. Less work has been spent

on the concentrated liquid solutions, because of decomposition
effects and the difficulty in finding suitable window materials.
Since the gpectrum as a whole is very complicated, it is con-
sidered beyond the scope of this handbook; thus, references to
spectrum characterizaiion are provided as a guide for

2
interested ind:vidualg.

. The infrared absorption by H,0, is not very useful for chemical

272
enalysis because the spectrum is quite similar to that of water

and since suitable window materials are not widely available.
Ultraviolet absorption by 3202 ig quite strong, and (although
Beer's law does not hold strictly) if the solution is clear and

, transparent to ultravielet, direct spectrophotometry measure-

ments are suitable for analysis of dilute solutions. The
ultraviolet spectrum ef concentrated hydrogen percxide has
been reported for 50 and 90 w/o solutions in Ref. 2.39, and
for 55 and 99 w/o hydrogen peroxide solutions in Ref. 2.24.

The infrared absorption spectrum ¢f H,0, has been reported in

2
Rei. 2.50, 2.52, and 2.53. The Raman spectrum of concentrated
hydrogen peroxide {99+ percent) is probably covered best in

ng. 2.39.

CHUYMICAL PROPERTIES

Hydrogen peroxide is a strong oxidizing agent in either acid
or alkaline sclutionas; howvever, with a very strong oxidizing

an

agent sugh as MnOh, it will also behave as a reducing agent.
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Hydrogen ion concentration (pH), tie presence and nature of
catalysts, and temperature are important controlling parameters
in hydrogen peroxide reactions. By proper choice of reaction
conditions, it is possible to modify the oxidizing action of
concentrated hydrogen peroxide solutions. Ae an oxidizing agent,
hydrogen peroxide Les the distinct advantnge‘of producing only
water as & by-product. Hydrogen peroxide also forus simple
addition complexes, forming compounds similar to hydrates. These
compounds are normally called hydroperoxidates, These are gen-
erally accepted as hydrogen-bonded compounds, which are analogous
to anion water compounds. Hydroperoxidates are readily formed
with highly electronegative atoms such as nitrogeh, oxygen, and
fluorine. Amino groups form stronger bonds with peroxide than

carboxyl or hydroxyl groups.

Cempilations of typical hydrogen per«xide reactions have been
reported in Ref. 2.10 and 2.55. These compilations were com-
bined and are presented in Table 2.19 along with references

to the original work.

SOLUBILITY AND MISCIBILITY

Because of hydrogen peroxide's chemical and thermodynamic
activity (as noted in Section 2.3), precautions should be ob-
served when considering solutions of H202 with various organic
and inorganic compounds. Although violeni reactions upon mix-
ing are the exception, such reactiors have beeu observed. Maay
H202 solutions may be fairly stable wher undisturbed but are
subject to violent detonation under certain conditions. The
addition of any material which may be oxidized or reduced should
be suspect, particularly as the relative concentrations approach
stoichiometric proportions. For theae reasons, it is suggested

that appropriate referenc:s be consulted in detail to define the
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chemical nature of the proposed solution as well as the solu-
bility of the solute before soclutions of H

‘ials are attempted.

202 with other mater-

The solubility and miscibility of hydrogen peroxide and its
aqueous solutions with a number of organic and inorganic com-
pounds are referenced in detail in Ref. 2.10. In general, con-
centirated H202 solutions ae completely miscible with most or-
genic liquids (including ethanol, isopropanol, acetone, ethyl
cellosolve, pyridine, etc.) that are wiscible with water in
all proportions. In addition, hydrogen peroxide is more mis-
cible than water in 8 number of organic materials, such as
~methyl methacrylate, dimethyl and diethyl phthalate, ethyl
acetate, and aniline. Compounds with which hydrogen peroxide
is nearly immiscible include petroleum ether, toluene, styrene,
carbon tetrachloride, chloroform, kerosene, fuel oil, and

gasoline.

Hydrogen peroxide and its aqueous solutions also vossess, in
general, solvent or soiute relationships thet are similar to
water. The results of several experiments show that sodium
fluoride, potassium nitrate, various potassium eor sodium phas-
phates, potassium chloride, and scdium or potassium sulfate are
more soluble in H202 than in water. Sodium nitrate, sodium
chloride, silver nitrate, lead nitrate, and lithium nitrate

and sulfate are less soluble in H_ O, then in water. Chlorine

272

and iodine are only slightly soluble in anhydrous H209.

i3 L0

In congideration of the materials compaiibilities of various
lubricants with H202, the solubilities of several organic com-
pounds in propellant-grade H202 are discussed in Table 4.lha,

Section 4.
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2.3

2.6

GELATION

Reaults of gel studies on hydrogen peroxide are given in detail
in Ref. 2.99 and 2.100.

HEAT TRANSFER PROFERTIES

Since heat transfer involves a combination of phase, thermo-
dynamic, and transport properties, as well as some consideration
of chemical kiaetics, this section on heat transfer properties
has been included as part of the physico-chemical properties.
This section is designed as a reference guide and summary of

the various experimental heat transfer studies that have been

conducted on propellant-grade hydrogen perorxide solutions.

Experimental heat transfer studies on 90 w/o H202 solutions
(reported in Ref. 2.101) indicated that a high flux heat transfer,
usually associated with boiling,.was obtained from a 347 stainless-
ateel surface to liquid 90 w/o H,0, ac @ result of the Hy0, de-
composition mechaniem. This decomposition, which simulates
boiling by the liberation of gas bubbles at the heat transfer
surface, is accelerated with temperature increase of the sur-
face. Figure 2.24 illustrates the magnitude of this effect, as
well as the lesser effect of pressure and liquid temperature,

in terms of heat flux. Because of these effects, the study
showed that the temperature difference between the surface and

liquid was nnt significant.

An extension of these studies %Yo high fluid velocities and
moderately high temperature differences was reported in Ref.
2.102. At high flowrates and high Reynolds numbers (where
decomposition is limited by the short liquid residence time),

the resuliant heat transfer data agreed with that expected for
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forced convective heat tranefer. It was found that heat fluxes
as high es 11.75 Btu/aq in.-sec (at liquid velocities of ~ 80
'ft/lec) could be obtained with 90 w/o K2O2 without complication
by decomposition of the hydrogen peroxide. A lcast-squares fit
of the heat transfer data obtained on 90 w/o H202 resulted in

the following expression:

0.8 1/3
(Nﬁu)f = 0.0287 (NRe)f (NPr)f

The standurd deviation of the experimental data from this equa-.

tion was 10.2 percent.

Heat transfer studies in the forced couvective region of both
90 w/o and 98 w/o H202 were reported in Ref. 2.103. Peak heat
fiures of 7.80 Btu,/'sq in.-sec were measured for 90 w/e H202
at fluid velocities of %1.3 ft/sec. The results ottained for
peak heat flux of 98 w/o H202 at the conditions investigated
are shown in Fig. 2.25. The correlation of the data ¢n 98 w/e
H202 with the Dittus-Boelter, Colturn, and Sieder-Tate equa-
tions (Fig. 2.26 through 2.28, respectively) indicated better

- agreement of the data with the Dittus-Bcelter relationship.

It has been suggested, however, that some of the apparently

low heat transfer coefficients, indicated by the correlations
‘of Fig. 2.26 through 2.28, may be due to slight scaling (oxida-

tion) of heat transfer surfacea.

A current study on the use of 98 w/ﬂ hydrogen peroxide for re-

. AY
generalively coeled rocket engi es has reported (Ref. 2 i04)

25 to 198 ft/sec, pressurcs from 2000 to 4700 psia, and feed
* temperatures from 60 to 240 F), heat fluxes up to 4&.2 Btu/sg
in.-sec were achieved. It was found thst the heat flux at

burnout (under the conditions tested) was directly proportional

38



2.7

to the fluid velocity by the relationship: heat fluxno -

0.21 x velocity. These results indicated good correlation cf
heat ilux and fluid velocity with the studies of Ref. 2.102 and
2.103. During these tests, no appreciable difference in heat
transf{er could be associated with feed temperature, and no
detectable decomposition was evident. Four similar tests with
90 w/o hydrogen peroxide indiceted no discernible differcnces
from the results of the 98 w/o hydrogen peroxide tests. As in
the studies of Ref. 2,103, the Dittus-Boelter correlation was
found to represent the data more closely than either the Colburn

or Sieder-Tate relationships.

The results of all of these studies have shown that hydrogen
peroxide has coolaut properties comparable to those of water.

0f course, the difficulty in its use 83 a regenerative coolant
lies in the limited stability of the H,0, at higher temperatures.
As a result, various bulk liquid tempe;a;ure limits have been
suggested and established in the use of H202 as & regenerative
coolant, These limits range from established (Ref. 2.105) maxi-
mum allowable temperatures of 225 F (with a 105 F rise over
inlet temperature) to suggested operating limits (Ref. 2.106)

of 250 F (with red line conditions at 275 F). More detailed
analysis of minimum safe design criteria of H202 regenerative-
cooling systems, based on the available data from various sources,
is presented in terms of ultimate heat flux and fluid velocity
in Ref. 2.107. Additional analysis of transient heat transfer
for an H202 regeneratively cooled engine modzl are given in

Ref. 2.108,

~ IGNITION CHARACTERISTICS

Although ignition characteristics are system-related parameters,

_they are also a direct indication of chemical reactivity and/or

stebility. As such, these characteristics have been included
as a part of the Physico~Chemical Propertica Section of. this
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handbook. However, because a detailed characterizatior of
these parameters would involve a diecussion of system design
variablcs (such as configuration, intended use environment,
operating sequence, etc.) that are beyond the intended scope
of this handbook, this review of hydrogen peroxide ignition
characteristics is limited to & general and brief summary and
reference guide to various ignitioh studies previously con-
ducted. In addition, this sumsary is limited furthcr by the
sccurity classification of many of these studics as opposcd
to the unclassified nature of this handbook. For thc purpose
of clarity, the characterization of hydrogen pcroxide ignition
is ‘presented in terms of its two primary application arcas:

wonopropellant systecms and bipropellant systcme.

2.7.1 Monopropellant Systems

Studies of the controlled decomposition process, that characterize
hydrogen peroxide's use as a monopropcllant, are given i

Scction 7.2. As a result of these studies, which are detailcad

and referenced in Section 7.2, thie initiation period for liydrogen
peroxide decomposition in a monopropellant chaber are fairly
well-defined for all propellant-grade concentrations. As ex-
pected, all the etudics demonstrate the cffect of wany variables,
such a8 the initiating source and type (catalyst or thermal bed),
injection technique, chamber configuration, hydrogen peroxide
concentration, hydrogen peroxide inlet temperature, initial

chamber temperature, exit pressuie, ©
(The start transicnt is defined in these efforts as the time
peried from injection of Lydrogen peroxide into the decomposition
chamber to the achicvement of 90-percent of the operating

chamber pressure.)

In general, the start transicnt for & hydrogen peroxide cetalytic
monopropellant decomposition chamber normally ranges from 50
to 15C ms. This etart transient is typical of all of the
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catalysts uscd in the decomposition of hydrogen peroxide
concentrations ranging from 76 w/o (Ref. 2.109) to 98 w/o
(Ref. 2.18, 2.110 and 2.111).

The greatest cffect om this typical wtart transient is caused

by variation in the hydrogen peruside and/or catalyst bed
temperaturc. Leboratory studics (Ref. 2.41) have demonstrated

the lack of rcaction between solid or super—cooled hydrogen
peroxide and a typical catalytic material, while studies with act-
ual engine catalyst beds (Kef. 2.110) have shown limited initia-
tion of decomposition and excessive start transicnt periods

when the temperature approachics the propellant's freczing peint.
However, the low tcmperature start characteristice of various
catalyst beds have been improved through special design of the
catalyst chtauber and special trea*ment of the catalyst bed

(Ref. 2.18, 2,110, and 2.111). Conversely, an increase in propel-
lant or caialyst bed temperature (such as experienced in pulsing
or other heat feedback operations) haus resulted in start transients
as lov as 10 ms (Ref. 2.18, 2.104, 2.109, 2.110, and 2.111).

Although exit pressure has a slight effect on the start tracsient,
this cffect is usuelly within the ranges noted above and con-
trolled by the temperature effects. Of course the start tran—
sients are affected by the catalyst life and gcnerally are the

best indication of the decline in catalytic effectiveness.

The start transients in a hydrogen peroxide thermal docomposi—

tion chamber are entirely reiated to the itechuique and con-

figuration cmployed. Since this concept depends on the initial
heating of a thermal pack (sce Section 7.2:2) prior to injection
of the hydrogen peroxide, the start transient of the main hydrogen
peroxide stream should approach the hot bed start transients

(~ 10 ms) noted above. However, studies with botl. 90 w/o

(Ref. 2.18) and 98 w/o (Ref. 2.113) have indicated that ade~

quate heating of the thermal pack may require periods ranging
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7.2

500 ms to scveral minutce depending on the technique cmployed.
Hypergolic slugs of hydrazine containing mixed cyanide sults
(Ref. 2.18) lave produced initial start transicnts (i.e., the
period measured from injection of the hypergol) of 10 to 20 us,
but this technique required 300 ms hydrogen peroxide leads and
500 ms hypergol injection periods.

Bipropellant Systems

Although some studica have indicated that 90 v/o and 98 w/o
hydrogen peroxide solutions are hypergolic (i.e., ignitcs
without producing damaging overpressures to the system) with

the hydrazine and 50 w/o Ny, 50 w/o (cn3)2n2n2 fucls (Ref. 2.111),
other studics (Ref. 2.18) have indicated thet the hypergolicity
of 90 w/o hydrogen perioxide with both hydrazinc and (CH3)2N2H2
is questionable. Ignition delays (c.g., the time period from
injection of the sccond propellant into the combustion chamber

to 90 percent of the designed chamber pressure) of ~ 5 to 25 ms
vere reported for HQOQ/NQHM systems in Ref. 2.111; however,

large overpressures (c.g., the peak pressure te chamber pressure
ratio) and crratic chamber pressurc fluctuations were demon-
stratced in thesc systems. In the studies reported in Ref. 2.18,
which demonstrated ignition declays for this system of 10 to

109 ms (with average delays of 35 to 52 ws recorded for various
mixture ratios), it was concluded that hypergolicity was marpinal

and unrcliable,

As a result of these and similar studies of other hydrogen

peroxide bipropellant systems, including the H202/C113N2H3

(Ref. 2.111) and H202/B5H9 (Ref. 2.113) systems, it is con-

cluded that the hypergolicity of hydrogen peroxide with various ' )
fuels is, at best, marginal. For this rcason many hydrogen

peroxide bipropellant systems utilize hydrogen peroxide de-

composition gascs (resulting from injection of the hydrogen

W2
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peroxide in a catalyst chember upsircam of the main combuation
chamber) ae the ignition source. Through the use of thie con-
cept, succesaful system ignition haas been demonstrated with
various liquid (including those notcd above, as well as with
JP-5 in the AR-2 system), solid (Ref. 2,114) and heterogencous
(Ref. 2.10%) fucls. Ignition delays between the hot decomposi-
tion gascs and the fucls are minimal (5 to 10 ms), althcugh the
system deaign controls the overall start trausicnt period (i.e.,
from injection of the hydrogen peroxide into the catalyst chamber
to the achievement of main chamber combu tion). yany systcm
designs employ only a small "pilot light" cutulysf chamber with
" subsequent main stream liquid injection (which bypasses the
catalyst chamber), while other systems utilize prior dccomposi-
tion of all of the hydrogen pcroxide throughout the operation

of the bipropellant system.

The use of hypergols in the ignition of hydrougen peroxide-~
oxidized bipropcllant systems has been studied (Rcf. 2.18)

with the hydrazine, (0113)2»121;52 (upMH), and JP-5 fucls. In

these studies, which were designed to demonstrate the feasibility
of dircct liquid injection of 90-percent hydrogen peroxide into
bipropcllant chambers, rclatively smooth and rapid ignivion was
achieved with all threce fucls using nitrogen tetroxide as the
hypergol for the first two tuels and aluminum triethyl with

the latter fucl. In addition, the use of mixed cyanidc salts

as an ignition aid to the 11202/}42111l system is noted in Ref. 2.18.
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: TADLE 2.1

PHYS1CAL PKOFERTIES OF HYDRUGEN FEROXIDE AT

e vy e —— e —r—

: Vaite 10U Peroant ll‘un % Vereant ll.u' 93 Peraeat "I“n -|
; Propaciy ™ T Natric [T mgliak " Metric Ragitsh Netric "Ruglies ] Kebr [ 7 Ragilabh
X R B e Rt CETR R SU™ [N NI - T SR o B TEEE S Bl S - s =
Genoral ldentifioation
3 ldeutification Hydrogen Feroatde Hydrogeu Verexide Rydrogen Feraaide
Molecular Fersuls tghy (g0} v.goae ¢ (Hgu) 0.0 (o)) oupup {n,0' 0.0nn
MHeleaular Weight a-mule 1b-aule .01 34,010 33.ARA 93.484 M. u.a
Freaaing Veint ¢ ¥ .9 31.1 -~&,1 8.8 ~5.1 .8
Sciple Foint [§ ¥ - AR Y.k
Nermml Moiling Pesnt | ¥ 30,0 Ju.0 0.7 "Wy.0 LLUNY 894, y
Critionl Preperties i
Toaperature C 3 (Y] Bou A%06.5 (1] A3 [ 1) 4
Fresawe atn paia 2y pIB NN RA0 015 2049 pRT) |
Denaity & ot
Phase Properties '
Dema ity
Bolid 8 v 1h/ou £t 1.71 at B0 C LUL.70 at =4 ?
] Liquid & e 1, en £t 1,484 W.e 1.3 9.4 1AL )
. Gas & oc 1L, cu £t Gev Beotion U.2.u.1 Nee Sfetion ¥.7.0.1 See I«NT L. ‘
Thorml Kapansion ot r! 7,302 2 07 Aavsa et Tses x 207 [aL105 2 207 {70908 & 07 [ aiiee s 207 )%
Cownamatbhtties (oonio ) i
: Coamprassibility (cabic)
-1 A K ) ] -3 ] - - - N
Adiabatic ata pais R.411 2 10 l.6Av x 10 R.00) 2 W0 1,005 a 1V R.4% 2 10 1.099 a 10 L B
1 laothermml aw”! pasa™ 8617 2 1077 at @0 6f 3,840 2 107 at o0t
Vapor Preasure - lig reis ®.08 0.uA8 [ 1 0,041 2.4) 4,133 3
Surface Tensien dyne/om 11t 80,17 at R0 C J.A9 at wi } 79.95 at 80 C[5.477 at Lo } [79.6h at BU C | 5.430 at o8 ¥ j
— e k. -
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TABLE

(Continued)

2.1

100 Percent B, 0

98 Percent 8202

93 Percent 8202 _]

Units 22
Property " Metric English Ketric ~ English —Watric "EngTish “Metric Mfrﬂ:‘
Thermodynamic Properties
Heats of
Formation cal/g Btu/lb -1320 ~2370 -1369 ~2464 “1845% ~2601
Fusion cal/g Btu/1b 8b 155 87 157 85 153
Vaporisation cal/g Dtu/1b 364 654.5 368 661.% 3706 677
Bublimmtion cal/g Btu/1b 457.8 824
Mixing cal/g (solution) |Btu/1b (solution) |0 0 1.¢ 1.8 2.4 4.2
Decomposition ' cal/g Btu/1b Bee Fig. 2.16 opd |
Heat Capacity !
Solid cal/g=C Btu/1b-¥ 0.461 at 0.401 at C.461 at 0.401 at 0.414 at 0.414 at
melting point melting point melting point | melting point| melting peint| melting pol
Liquid cal/gC Btu/1b.¥ 0.624 0.626 0.633 0,633 0.64% 0,005
Gas |
<y ¢al/g-C Btu/1b-¥ 0.30% 0.30% 0.306 0.300 0.310 0.310 4
c, cal/g-C Btu/1b-F
tropy cal/g< Biu/io-F Bee Section 2.9
Eothelpy cul/; B"“/“ Bee Bection 2.2
Transport Properiies
Viscosity l‘
Liguid Contipoises 1b/ft-sec 1133 0.770 x W7 1.158 0.772 2 1077 [ 1.160 0.975 1 10"
Gas Centipoises 1b/tt-aec 1.91 x 1072 1.283 x 1070
Therma) Conductivity
Liquid cal/cmsec—C Btu/ft-br-F 140 x 1077 | 0.3
Gas cal/cm-eec-C Btu/tt-hrF
Coefticient of c.ﬂ/"c in.n/nc
Diffusion
Bonic Velocity
Liquid n/sec ft/sec 1761.0 5843 1774.6 821 1767.0 5794
Gas n/oec ft/s0c




TABLE 2.1
(Cont;nued)

95 Percent u‘oz

90 Percent H,0,

75 Percent ueog

70 Perceat BROI

Figure and Reference
H —Walrlc Thgilek Meiric English Metric Eoglish Metric English Table Number Nuaber
-14A5 2601 -1571 2838 -1946 ~3503 -2070 -372u T1.3- 2,18, 2.8, 2.54
F2.12-2.1%
33 153 62 148 77 138 73 129 12.35~2.8 2.2
376 677 389 700 27 768 A38 789 12.3-2.14 2.26
r2.1%, F2,14a
2.10
2.4 4.2 [} 7.6 8.13 14,05 9.0 16.0% ¥2.1%, r2.1% |2.26
fe0 Fig. 2.10 and 2.16a F2.16, 72.16a | 2,25
at 0.414 at 0.514 at 0.417 at 0.417 at 0,377 at 0.377 at 0.415 at 0.415 at 72.3-2.8 2.5
ing point} melting point)| welting point | melting point welting point | melting poict aslting point | melting point | meltiog point F2.17, r2.i7a
N 0.643 0,645 0.663 0.663 0,720 0.720 0.738 0.738 12.3-3.8 2.18, 2.25, 2.26
2,17, ¥2.17a
0.310 0.310 0.317 0.317 0.338 0,338 0.340 0.%6 T2.9-12.14 2.27
See Geciiom 2.2.5.6 T2.3 -T2.14 2.34
Ges Bection 2.2.3.8 2.3 -12.14 2.5
b x 107 [1.160 0.775 x 1070 {1.1%0 0.777 x 107 [1.13% 6.709 x 1077 | 112y 0.758 x 1070 | rz.18, ¥2.18 |2.5, 2.22, 2.24
F2.19, 72.1%
r2.20 2.%
F2.321 2.31
1767.0 5794 1793.5 5745 1706.9 5598 1690.3 3343 F4.22, 2.23a |2.16
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TABLE 2,1
(Corcluded)

Property

Units

100 Percest I'Os

98 Percont uzoz

95 Porsest l'o’

Metri

Suglish

" Metric

Eaglish

Metrie

English Metric

English

Elostromgnetie hmrthT

Index of Retraction
Selid
Liquié
Goo
Dipele Nement
Dislestries Comstant
Liguid
Gas
Flostrieal Cinduetivity

Veriot Lommiani

Magnatis Buseeptibility

| cgnms

(Sedinm D-Line)

Dedye Units

misre-ohms™}

1.4067

2.13
70.3

10c(3r)

-0.50 x 107 a¢

1.0049

71.6

1.408)

=




“onc luded)
9 Percont N0 90 Perceat H_0, 75 Percent H,0, 70 Percent N0,
N0, ] 22 e 2% %% Yigure and Reforonce
Metric Eaglish Netric English Metric English Hetric Eaglioh| Table Number Nomber

1.0083 1.5880 1.585% 1.3816 12.15 2.1%
s.%

73.0 75.0 78.8 79.% ¥2.33 2.9

See Bocticn 2.2.9.4 2.41, 2.42, 2,03

.44

Boe Tadie 2.10 T2.3% 2,45

| | | | | | |




TABLE 2.2

CALCULATED SATURATION PRESSURE, ACTIVITY COFFFICIENTS,

AND VAPOR COMPOSITIONS FOR HYDROGEN PEROXIDE-WATER

e

SOLUTIONS AT HIGIl TFMPERATURES AND PRESSURFS
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*Satursted vaper presoure at the temperature and liquid componitiom indicated.

*43leck's imperfection tsra (AICWE J
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TABIE 2.9

VAPOR-PHASE THEBRMODYWNAMIC PROPERTLIES OF

100 w/o u202«

Euthalpy

Yemperature H“::{;ﬁ: ‘_::‘ty ' f:;;::{ l'( (HT ) u298) l"g:::t(;fm
K R (Btu/1b-R) (Btu/1b-R) | cal/gm | Btu/1b |cal/gm | Btu/1b
0 0 0 0 -76.26 | -137.27 |-912.08 | -1641.74
100 | 180 0.235 1.310 ~52.86 | -95.15 }-931.45 | -1676.61
200 | 360 0.259 1.479 ~25.78 | -46.40 | -942.56 | -1696.61
298 | 536.4 0.303 1.636 0.0 0 -956.38 | -1721.48
300 | %40 0.304 1.638 0.56 1.0} |-956.86 | -1722.35
400 | 720 0.340 1.743 32.81 59.00 |-965.61 | -1735.10
500 | 900 0.369 1.810 68.35 | 123.03 {-972.11 | -1749.80
600 | 1080 0.391 1.879 106.46 | 191.63 |-976.81 | 1758.206
700 | 1260 0.407 1.941 146,41 | 263.5& |-980.34 | -1764.61
800 | 1440 0.420 1.996 187.83 | 338.09 |-983.13 | -1769.63
960 | 1620 0.432 2.046 230.47 | &14.85 |-985.37 | -1773.67
1000 | 1800 0.441 2.092 270.15 | 486.27 [-987.13 | -1776.83
1100 | 1980 0.451 2.135 318.78 | 573.80 |-9688.48 | ~-1779.26
1200 | 2160 0.459 2.175% 364.27 | 655.69 |-989.54 | -i781.17
1300 | 2340 0.4606 2.211 410.42 | 738.76 |-990.31 | -1782.56
1400 | 2520 0.474 2.246 457.55 | 823.59 |-990.87 | -1783.57
1500 | 2700 0.480 2.279 505.18 | 909.32 |-991.31 | -1784.36

#Befer to Bection 2.2.3%
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TABLE 2.10

VAPOR-PHASE THERMODYNAMIC PROPERTIES OF
98 w/o 1,0, SOLUTIONS *

. Enthalpy

Temperatuie Heai..(ihg.;lty E::;ufi (HT " “298) Heat of Formation
K R (Btu/1b-R) (Btu/&bjgl cal/gu| Buu/1b| cal/ge Btu/1b
o] o 0 0 -77.30 |-139.25| -957.2 | -1723.0
100 | 180 0.23Y 1.32 -53.55| =90.39| -970.0 | -1757.9
200 | 300 0.202 1.49 -26.13| -47.03| -987.6 | -1777.7
298 | 530.4 0.300 1.65 0.0 0 -1001.4 | -1802.5
300 | 540 0.307 1.65 0.5% | 1.01] -2001.9| -1803.4
460 | 720 0.342 1.74 33.07 | 99.53| -1010.7 | -1819.3
500 | 900 0.370 1.83 68.82 | 123.88| -1017.3 | -1831.1
600 | 1080 0.393 1.90 107.11] 192.80 | -1022.2 | -1840.0
700 | 1260 0.409 1.96 147.25 | 265.05] -1025.9 | ~1846.6
800 | 1440 0.422 2.01 188.84 | 339.91| -1028.8 | -1851.8
900 | 1620 0.434 2.06 231.67 | 417.01] -1031.2 | -1850.2
1000 | 1800 0.443 2.11 271.64 | 488.95] -1033.2 | -1859.8
1100 | 1980 0.453 2.15 320.41 | 576.74 | -1034.6 | -18062.3
1200 | 2160 0.461 2.19 366.13 | 659.03 | -1035.8 | -1864.%
1300 | 2340 0.469 2.23 §12.53 | 742.55 -1036.7 | -1860.1
1400 | 2520 0.477 2.25 449.55 | 80%.19 | -1037.4 | -1867.3

*Hefer to Section 2.2.3




TABLE 2.11

VAPOR PHASE THENMODYNAMIC PROPERTIES OF
95 w/o H,0, BOLUTIONE™

Enthalpy

Temperatiure Heaz.(f;?l.;ity f:;;:fi (H’l' - u‘298) Heat of Formation
K R (Btu/1bR) | (Btu/1b-B) | cal/gm | Btu/1b | cal/gm Btu/1b
o| o 0 0 -79.0 |142.2 | -1024.9 -1aa§.e
100 { 180 |  0.245 1.345 | -55.1 | -99.2 | ~lows.2 | -1879.6
200 | 360 0.268 1.52 -26.7 | -k8.1 | -1055.2 | -1899.4
298 | 536. 0.310 1.68 0.0 0 -1068.9 | -1924.0
300 | 54O 0.311 1.68 0.6 1.1 | -1009.4 | -1924.9
400 | 720 0.346 1.75 33.5 | 60.3 | -1078.4 | -1941.1
500 | 900 0.374 1.80 69.5 |125.1 | -1085.2 | -1953.4
600 | 1080 0.39% 1.806 108.1 |194.6 | -1090.3 | -1902.5
700 | 1250 0.411 1.92 148. 207.3 | -1"9%.2 | -1909.6
800 | 1440 0.425 2.05 190.4 | 342.7 | -1097.& | -1975.3
900 | 1620 0.437 2.09 233.5 |420.3 | -1100.0 | -1980.0
1500 | 1800 0.446 2.1y 273.9 |493.0 | -1102.2 | -i964.0
1100 {1980 0.457 2.18 322.8 [581.0 | -1103.9 | -1987.0
1200 | 2160 0.465 2.22 368.9 [664.0 | -1105.2 | -1989.4
1300 | 2340 0.472 2.26 415.6 | 748.1 | -1106.3 | -1991.3
1400 2520 0.481 2.32 463.5 |834.3 | -1107.0 | -1992.6

*Refer to Bection 2.2.%




TARIE 2.22

VAPOQR-FIASE THEBMUDYNAMIC PROFERTIES QF

9 w/o Hy0, BOLUTLUNS*

Heat Capucity,| Eutvopy (Enthulp Hoat of
Temperature c::lnl /:iu_i" ¥ ml}‘fn i'l& By thgy Formatiz:
K R (Biu/1b-R) (Btu/lb&) | cal/gm |Blu/lb | cal/gm | Btu/1b
of o 0 6.0 ~81.70 (-147.17 | -1137.8 | -2048.0
100 | 180 0.250 1.38 =50.34 | ~l01. 41 | -1157.0 | -2082.0
200 | 360 0.277 1.56 -27.55 | ~ 49.59 | -1107.9 | -2102.2
298 | 530. 0.317 1.72 0.0 0 -1181.5 | -2120.7
300 | 540 0.318 1.72 0.58 1.04 | -1182.0 | -2127.0
Lo | 720 0.351 1.81 34,11 | €l.40 | =1191.2 | -2144.2
500 | 900 0.379 1.90 70.09 | 127.24 [ -1198.3 { -2150.9
600 | 1080 0.400 1.96 109.73 | 197.51 | -1203.8 | -21006.8
700 {1260 0.416 2.03 151.53 | 272.75 | -1208.1 | -2174.6
800 | 1440 0.429 2.09 192.91 | 347.24 | -1211.7 | -2181.1
900 | 1620 0.442 2.15 236.50 | 425.70 | -1214.7 | -2186.5
1000 | 1800 0.452 2.19 277-59 | 499.60 | ~1217.2 | <2191.0
1100 | 1980 0.4062 2.2 326.92 | S588.40 | -1219.2 | -2194.06
1200 | 2160 0.471 2.¢ 373.57 | 072.43 | -1220.9 | -2197.0
1300 J 2340 0.47% 2.31 420.97 | 797.75 | -i222.2 | -2200.0
1400 | 2520 0.488 2.39 L09.42 | BLL.90 | ~1223.3 | -2201.9

“Hefer to Bection 2.2.%
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VAPOR-PHASE THERMODYNAKIC FROPERTIES OF

TARLE 2.13

75 w/o H,0, BOLUTLONS*

Enthalp 1
Tomperature | M08t apucity, | Butropy, (g2, ) Farmation
K R (Btu/1b1t) (BLu/1b<it) | cal/gm | Blu/lb | cal/gm | Btu/lb -
ol o 0 0 ~90.02 | -162.04 | =1476.4 | -2057.5
100 | 180 0.287 0.98 ~01.57 | -110.83 | -1495.5 | -2091.9
200 | 360 0.3095 1.64 -30.21 | =54.38 | -=1505.8 | -2710.4
298 | 530.4 0.338 1.80 0.0 0 -1519.2 | ~2734.6
300 | 540 0.339 1.80 0.62 1.12 | =1519.6 | -2735.3
4o | 720 0.368 1.90 36.00 |  04.91 | -1529.5 | -2753.1
500 [ 900 0.393 1.99 74.21 ] 133.38 | ~1537.7 | -27067.9
600 | 1080 0.413 2.06 114k.04 | 206.35 | -1544.2 | =2779.6
700 | 1260 0.429 2.13 156.83 | 2682.29 | -1549.8 | -2789.6
800 | 1440 0.443 2.19 200.52 | 360.9% | =1554.0 | -2798.3
900 | 1620 0.450 2.24 245,55 | 441.99 | -1558.8 | -2805.8
1000 | 1800 0.4067 2.29 288.76 | 519.77 | -1562.4 | -2812.3
| 1100 | 1980 0.479 2.33 339.13 | 610.43 | -1505.4 | -2817.7
| 1200 | 2160 0.489 2.37 387.53 | 697.55 | -1568.0 | -2822.4
sfijoo 2340 0.498 2.41 430.81 | 780.20 | -1570.2 | -2826.4
| 1400 | 2520 0. 508 2.58 u87.24 | 877.03 | -1572.0 | -2829.6
1500 | 2700

Mefer to Bectiow 2.2.3
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VAPOR-PHASE THERMODYNAMIC PROPERTIES OF
70 w/o H,0, SOLUTIONS*

TABLE 2.14

Euthalp
Temper Heat Cupacity,| Eutropy, (HT—H Fe“t 9‘
perature cal/gm-K cal/gmK 298 Formation
K R (Btu/1b-R) (Btu/1b-R) | cal/gm | Btu/1b | cal/gm |Btu/lb
0 0 0 0 -92.8 | -167.0 | -1589.2 | -2860.6
100 | 180 0.297 1.52 -63.3 | ~113.9 | -1608.3 | -2894.9
200 | 360 0.314 1.75 -31.1 ~56.0 | -1618.5 | -2913.3
298 | 536. 0.346 1.89 0.0 0 -1631.8 | -2937.2
300 | 40 0.346 1.90 0.63 1.13 | -1632.2 | -2938.0
400 | 720 0.374 1.99 36.7 66.1 | -1642.3 | -2956.1
50C | 900 G.398 2.09 75.4 135.7 | -1650.8 | -2971.4
600 | 1080 0.418 2.16 116.2 209.2 | -1657.8 | -2984.0
700 | 1260 0.4%4 2.23 158.9 286.0 | -1663.8 | -2994.8
800 | 1440 0.448 2.28 203.1 365.6 | -1668.9 | -3004.0
900 | 1620 0.461 2.34 248.6 447.5 | -1673.4 | -3012.1
1000 | 1800 0.473 2.39 292.5 526.5 | -1677.4 | -3019.3
1100 | 1980 0.485 2.40 343.2 617.8 | -1680.8 | -3025.4
1200 | 2160 0.495 2.50 392.2 706.0 | -1683.7 | -3030.7
1300 | 2340 0.505 2.52 L42.1 795.8 | -1686.1 | -3035.0
1400 | 2520 0.515 2.71 493.2 887.6 | -16838.2 | -3038.8

*Refer to Section 2.2.3
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TABLE 2.15

REFRACTIVE INDEX (SODIUM D-LINE) OF PROPELLANT-GRADE H,0,-K_0

SOLUTIONS AT 25 C*

B0y 0.3, 0.2, 0.4, 0.6, 0.8,
v/o percent percent percent percent percent
66 1.3782 1.3/84 1.3785 1.3787 1.3788
€7 790 752 793 796 796
68 798 800 801 803 804
60 806 808 809 811 812
76 1.3814 1.3816 1.3817 1.3819 1.3820
71 822 824 825 827 828
72 830 832 833 835 836
73 838 840 841 843 8hf
74 846 848 849 851 852
75 854 856 857 859 860
76 862 864 865 867 868
77 870. 872 873 877 876
78 878 880 881 883 884
79 886 888 889 891 892
80 1.3894 1.3896 1.3897 1.3899 1.3901
81 903 904 906 908 909
82 911 913 915 916 918
83 920 921 923 925 927
84 928 930 932 933 935
85 937 939 940 942 9L4
86 945 947 949 950 952 .
87 954 956 957 259 061
88 962 964 966 968 969
89 971 973 974 976 978

“Refer to Section 2,2.5.1

NOTE: Temperature correction is -0.34 » 10‘?/0 from 15 to 25 C.




TABLE 2.15

{Concluded)
10, 0.3, 0.2, 0.4, 0.6, 0.8,

w/o percent percent percent perceugnn percent

90 1.3880 1.3981 1.3983 1.3985 1.3986

91 988 990 992 993 995
: 92 Y97 999 1. 4000 1.4002 1.4004
; 93 1.4006 1.4097 009 011 13
j 94 014 016 018 020 02t
? 95 023 025 027 028 030

96 032 034 035 037 039

97 041 042 Ok 046 048

98 049 051 053 055 056
‘ 99 058 060 062 083 065
i 100 1.4067

XS
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TABLE 2.16

VREDET CONSTANT OF HYDROGEN PEROXIDE-WATER
"SOLUTIONS AT 10 C*

g0, . ., Iin{gnull-c- x :o’ '
w/o 5893 A 5760 A 5461 A 4358 A

100 11.48 11.90 13.52 22.65
9 11.60 12.03 13.64 22.70

78.5 11.98 12.45 14.07 23.45

62.0 12.30 12.80 14.43 24.11
50.9 12.53 12.98 14.60 24.22
38.1 12.69 13.15 14.86 24 .47
18.1 12.91 13.38 15.13 25.00
0 13.09 13.64 15.40 25.21

"Mefer tc Section 2.2.5.5
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TABLE 2.17

MISCELIANEQUS MOLECULAR AND ELECTROMAGNETIC PROPERTIES
OF HYDROGEN PEROXIDE

Property Value Temperature | Reference
Specific Refraction 0.1705 cm’/gm 25 ¢ 2.15
Molar Refraction 5.801 cm’/mole 25 C 2.15

~24 3
Polarizability 2.3 x 10 cm Aiolﬁ 25 C 2.4%
Molar Dispersion 1.3576 cl’/iole - 2.45
30 -2
Dispersion Constant 8.479 x 107 sec - 2.45
. . 15 -1
Characteristic Frequency | 2.979 x 107 sec - 2.45
Molecular Radius 1.32 A - 2.45
Molecular Susceptibility | -21.0 4 25 C 2.46
Molecular Diamagnetism 16.73 £0.20 25 C 2.47
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STEUCTURR AND STRUCTUBRAL PARAMETERS

Structure

TARLIE 2.

18

OF HYDROGEN PERQGXIDE

/ H

IS

N\

N,

<
<<

Structural Parameters

Tt———r—

Blectron Diffraction
Crystal DIiffraction
Far Infrared

Microwave

B(o-@, A R(0-H), A
1.47
1.49

1.475 $0.004  0.950 $0.005

6(oo8), r (HoOH),
degrees degrees

97 O

94.3 2 (119.8 23)

81

111.5



TABLE 2.19

REACTIONS OF EYDROGEN PERUXIDE

INORGANIC COMPOUNDS

Ag + 5202 —i'—d—d—bdiuolvel (Aa*)

Al + HO, ---——wu(m)3
As + B0, ————HAs0,

-3 -3
+ 11202 ——eee—e——= A2

AsQ A

3
An(ﬂ")3 + B0, ————HAs0,

Au + B0, —HCl o jissclves

0xid- .1 gold + HYO, allmline

reduction

B (colloidal) + 8202 -———-D-IljBO:,

Ba(0H), + H,0, Ba0, + H,0
Bi 0, + nncn —'——"".Bino;
< ) = & & %

alkaline
m(wo})3 + B0, -————Mu(on)3

-1
3

BrO + 8202 ———--——O-Br-1 + Br2

-1 -2 1

CN ~ + [1202 ---——-"'--—’(303

1 f2%

+ CNO~

ONS™ + H,0, --————-»un3 ——— e eNO_ "~

3

1

Reference

2.56
2.10

2.10

2.57

2.10

2.58

2.58
2.59
2.10

2.60

2.61

2.10

2.63



TABIE 2.19

(Continued)
INORGANIC COMPOUNDS (cont.)
-1
Clg + 8202 —— 1
c10.-1 '0 alkaline or
e ———— n
,10’ + 32 2 “meatral” ° reaction
-1 acid
————
ClO3 + 8202 012 + ClO2

HCIO,‘ + H202 —geno reaction

HOC1 + H,0, —  e1!

Co + H202 ———eeeerdigs0lves

Co + H,0, —“—129-1-’5-‘3-9»Co(uo)3

Cr + 5202 —eee g Low s0lution

l}
-.—_—’
Cr03 + H202 Cr

. Cu + HO, —ocld o jissolves
Cu0 + H,0, ———Cu0, + H,0
—
cu02 + 5202 Cul + l!20 + 02
R0

Fe + KO, —————Fet? —22 )

FQ(CN)GJ' + B0, -—a—cﬂ—-bFe(CNk—}

83

\.\.

2.64
2.65

2.65

2.10

2.64

2.66

2.10

2.10
2.67

2.68
2.69
2.69

2.10

2.70



TABLIE 2.19

(Coutinued)
Reference
INORGANIC COMPOUNDS (cont.)
-3 alksline -4
Fe(CN)6 + B0, ————» 1-*c(cn)6 2.70
Hg + H20 -——-m—c-‘g—-bdiuolveu 2,10
2
Hg + li20 -—'—Mo-oxide- of mercury 2.10
2
-1 ﬂﬂ -1
12 + H202 | 103 2.71
———e .
HI + H202 12 4 1120 2.10
+1 .
—————
Li "+ 11202 L1202 2.10
Mg + HyU, Mg(on), 2.10
-1 acid +2
MnO,l + u202 ————Mn “ + ﬂ20 + O2 2.10
-1 alkaline
HnO,‘ + 1-1202 Muo, 2.10
MoS, + H0 s0, 2 2.10
2 22 4 )
Ni + H 0, —HCLor o 4issolves 2.10
22 H250k
ut
. I . -
NLSO,‘ + u202 no reaction 2.72

Nzﬂ,. + n202 various products depending upoa conditions 2.73

S |
HONH2 + H202 —-—-——-o»ho3 2.74



TABLE 2.19

(Continued)
Belerence
INORGANIC CUMPOUNDS (cont.)
N02‘1 + 1,0, "_—'—"'NOS-I 2.75
N03-l + 8202 no reaction 2.10
0’ + %02 -—-———-—-—0-820 + 02 2.70
P+ 8202 —-—-———*Pﬂ’ + H,PO" 2.77
P205 + H202 + li20 ll.,PO5 2.78
POA-'3 + H202 - no reaction 2.10
Po;’ + B0, ————-vpo,‘" 2.79
i
Pb + 5202 —_——p= dissolves 2.80
alkaline
P+ H202 PbO2 2.80
“Po + 8202 ——p-dissolves 2.81
Pt + 5202 no reaction 2.82
8 + ll202 ——ee—m——=nn0 reaction 2.10
id °
B,S (sq.) + HO, —2 L »s 2.83
alkaline ~2
; ———
HyS (aq.) + H,0, 80, 2.84

2 plus various products depending upon 2.84

metal

NS + B,0, — 50"

8)



TABLE 2.19
{Contipued

INGRGANIC COMDEMNUS (cont.)

-2 n =2 -2
'503 4 u2n2 —-—-*&»0,‘ + 8206

Sb « 8202 -~ no reaclion

szs3 + H202 —-—}f‘—l—v autimoniate

Sel
sc + Hzon / 2
< \uu,zsw,‘

1128e + }{202

rapidly attacked

-2 )
_——-———'
'Seo3 4 8202 seoh

+2 L

Sn  + H202 -——-—-—-—"F’Sn+

SnO2 + 11202 no rcecaction

Te + 11202 , “6“06

L+ R
Ti + ll202 —-———---—-0-‘1‘103

. 12
‘.1'102 + 8202

Tl + 11202

——
1'102 + ll202 T120)

—_—Ti (02),.

T10H

r—
W o+ 02 Hz\iﬂk

Reference

2.85

2.10

]
o)
[

2.10

2.10



TABIE 2.19
(Continucd)

INGRGANIC COMPOUNDS (cout.)

tn-oa202

Zn0

alkaline .
—————— v
In « 8202 alcobolin disscolves

Ir + ﬂ202 - no reaclion

lr(SO‘ )2 + 8202 -————————=®-no reaction

ORGANIC COMPOUNDS

Alkanes:

Satureted paraffins + 8202 “t:‘::‘;y::‘:'h%o reaction

Cyclic alkanes + 11202 wlt:.:::y::‘:houttuo reaction

Grignard reagent (BMgX) + B0, ————e-alcohol

Alkones:

CH - CHR' +n902%.u\:fn' —-*mi!_r.
glycol

87

Reference

2.10

2.93
2.9%

2.9

2.55

2.55

2.9



TABLE 2.19
(Continued)

ORGANIC COMPOUNDS (cont.)
Alcohols:

- cold .
s vir—— . T
ROH + H202 o catalyss ino reaction

Fetd
RCH,OF + H 0, — = RC00H —————#-C0

2 272 2

Carbuxylic Acida:

1% HQSOA
RCGOH + H O  —~——=——p RCCOOH + H,O
272 Ly 2
peroxy acid
Aldehydes:
R-CHO + H.0, —22£ eRcooH
2°2 +
H
Aromatics:

Benzene or toluene + H202 22_22221&22,_n0 reaction

++ .
Fe catalyat’phenol

Benzene + H202 AT strips

B-naphthol + H202 ——ngggg-ibo-carboxycinnamic acid

(in acetic
acid)

Hydrazobenzene + H202 -22:219-*>azobenzene
1% HQSOQ

Azobenzene + 3202 ——ﬁﬁaaaﬁ—ivazoxybenzene
(in acetic
acid)

Rgfepence

2.55

2.55

2.10

2.55

2.55



TABLE 2.19

(Concluded)
' BRefcrence
ORGANIC COMPOUNDS (cont.)
Aromatics:
Aniline + H202 22-23C aniline black products . 2.5
Aniline + H202 22-23C;: oxidant nitrobenzene + 2.96
added to water slurry azoxybenzene

(in acetic

. nf aniline containing
acid)

Na bicarbonate

: 22-23C .
Benzaldehyde + H202 i H2SOQ benzoic acid | 2.97

(lzcgg‘)’t“ RCOOCH

Anthracene + 11202 M"’anthraqu1none 2.96
(in acetic

acid)

Primary Amines:

RNH2 + H20 ———————®vigorous decomposition of pe
recction difficult to contr

roxide; 2.55
1.

-~ ~
CLCTAoN QAT 1CULAY V6 Tonurs , no

products isolated

Secondary Amines:

(R), NH + Hy0) —————p= (R),NOH ~ 2.55
hydroxylemine

Tertiary Aminesf

(R)3N + K0, —----———-i-'R}NO 2.55

amineoxide

89
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WEIGHT PERCENT H,0,
Concentration and Apparent Molecular Weight

of Aqueous Hydrogen Pcroxide Sclutions

Figure 2,1,
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Figure 2.3.
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Figure 2.24. Heat Flux From a 347 Stainless-Steel
Surface to 90 w/o Hydrogen Peroxide
as 8 Function of Surface Temperature
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3.1

3.1.1

SECTION 3: PRODUCTYON

MANUFACTURING TECHNIQUES

. Preparation

The early laboratory preparation of hydrogen peroxide wae based
on the technique that Thenard used during the initial preparation
of hydrogen peroxide. In this technique, barium nitrate, puri-
fied by recrystallization, was decomposed by heating in air in a
porcelain retort, The resulting oxide was further oxidized by
heating in a stream of oxygen to a dull red heat. The barium
peroxide which formed was then dampened, ground, and dissolved
in hydrochloric acid (nitric acid was used in Thenard's initial
experiments). A slight excess of sulfuric acid was then added
to precipitate barium sulfate and regenerate hydrochloric acid.
The procedure of barium peroxide solution and sdlfate precipita-
tion was repeated several times in the seme solution to increase
the perexide concentration (comcemtrations of up to 33 percent

by weight hydrogen peroxide could be achieved in this manner ).

The concentrated solution couteining water, hydrogen peroxide,
and hydrochloric acid, along with accumulated impurities, was
copled with ice and saturated with barium peroxide; iron and

manganese impurities in the solution were then precipitated out

“as phosphates. The hydrochloric acid was rcaoved by the addition

of silver sulfate and the sulfgte ion was removed by the subse-
quent addition of barium oxide. Further concentration was accom-
plished by vacuum distillation until "no further density increase
occurs.” Thenard reported that 100 w/o hydrogen peroxide (on

the basis of density data and the measurement of the volume of

oxygen releacod) could be obtained by this technigue.
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The first record of commercial production of hydrogen peroxide
appeared in the 1865 to 1875 period. The first commercia’ pro-
duction in the United States was by the Oakland Chemical Company,
Brooklyn, New York, in 1881, Laporte Chemicals Ltd. established
a factory in Yorkshire, England, in 1888, With the exception of
substitution of fluorosilicic acid for the hydrochloric acid,
Thenard's process was used essentially unchanged for the manu-
facture of hydrogen peroxide until nearly 1900, The formation of
hydrogen peroxide in the electrolysis of sulfuric acid was first
reported in 1853; later developments made the manufacture of
hydrogen peroxide by an electrolytic process possible in 1908,
By 1939, only 10 percent of the world's production was by the

barium peroxide process.

Currently, hydrogen peroxide is commercially manufactured either
by &n electrolytic (inorganic)method or one of two organic proc-
esses, The electrolytic process (Ref. 3.1) involves the electro-
chemical formation of either peroxydisulfuric acid or peroxydi-
sulfates (from an ammonium bisulfate solution), their subsequent
hydrolysis, and separation of hydrogen peroxide by distillation.
The basic equations for these reacticns may be summarized as
follows:

electrolysis
2NH, HSO, -+ (NH, ),S505 + Hy

hydrolysis
(Ng )23208-—1—’—-—-»21&1 HSO, + H,0,

“Although sulfuric acid may be used as the starting material, the
amuonium bisulfate process is cheaper and has a higher cell
efficiency, '

The electrolysis is carried out ir stoneware tanks with platinum
electrodes; conversion of bisulfate to the persulfate tukes place
at the anode. After hydrolysis of the persulfate (with steam)

in an evaporator, the resulting dilute aqueous solution of H§02
is separated from the bisulfate and further distilled in a
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stonewvare distillation column. The resulting solution is approx-
imately 30 w/o H,0,. Both the cathode liquor (after purification)

and the bisulfate from the evaporator (and separator) are recycled
bacsk to the cells.

One of the organic processes used commercially for the manufacture
of hydrogen percxide involves the catalytic reduction of a substi-
tuted anthragquinone and subsequent oxidation back to the quinone
structure with the production of H,0, (Ref. 3.2). Although the
process may vary slightly among the several commercial manufac-
turers who use it, the basic reactions can be summarized as

follows:

) ' g /B I _R
o\ dr

where B may be ethyl, t-butyl, etc.

The reduction of the substituted anthraquinone with hydrogen is
accorplished from room temperature to 40 C or more aud at 1 to 3
atmoapheres of pressure in the presence of a Raney nickel, nickel,
palladium, or platinum catalyst, The catalyst is separated from
the bhydroquinovne solution and recycled to the hydrogenator. After
oxidation of the hydroquinone by either air or oxygen, the result-
ing quinone solution containing 0.5 to 1 w/o B’202 iz extracted
with water at 25 to 40 C. The aqueous solution of hydrogen peroi-~
ide (~o15 to 35 w/o H§02) is cleancd of organic contamination and
vacuum disiilled to ~ 70 w/o H,0,. The organic phase from the
extractor i» cvaporated from entrained water, partially dried,
cleaned of K0, (by & decomposition catalyst), and recycled as

ths work solution t2 the hydrogenator,
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The second organic process used in the present commercial manu-
facture of hydrogen peroxide is based on the oxidation of pro-
pane or a propane derivative (such as isopropyl alcohol).
Although the actual details of hydrogen peroxide manufacture by
these processes are not defined, the basic reactions of the pro-
pane oxidation are postulated as follows (Ref. 3.3):

gty
C,B.]' + 02—b'cjﬂ700-—boxygenated, species
0337- + 02——»—4-03H6 + 302-

0387- + 'H‘_.C2ng + CH'.

802' + c,ng————ancsn7o + 3202

As noted, the side products in this reaction series are a variety

of oxygenated organic species, propylene, methane, and ethylene.

The oxidation of isopropyl aicuhol may occur as follows (Ref. 3.3):
(cn3)2cnoa + 02——’(cn3)2co + B0,

It is reported that the latier rea:tion can be conducted in

either the liquid or vapor phases. Hydrogen peroxide concentra-

tions of 15 to 17 w/o 8202 and 25 to 30 w/o 11202 are obtained
from the propane and isopropyl alcohol oxidations, respectively.

35.1.2 Concentration

In most applications outside the propulsion field, only dilute
solutions of hydrogen peroxide are required and the product grades
normally obtained from the convent*ional commercial processes are
adequate. To meet the demands of propellant-grade hydrogen per-
oxide, additional concentration is required. Although hydrogen

138

+

s



3.1.3

peroxide is norwmally concentrated commercially by fractional dis-
tillation to concentrations £ 90 w/o Héoa, other concentration
procedures, such as fractional crystallization combined with vacuum
distillation, have been frequently used for small-scale purifica-
tion. The concentration of the 90 w/o B,0, solutions to ~ 96 w/o
H,0, is presently being accomplished commercially {Ref. 3.4) by
fractional crystallization. This crystallization process also
removes most of the impurities,

The high volatility of water with respect to hydrogen peroxide
makes it relatively easy to concenirate peroxide by simple dis-
tillation procedures; however, there are several disadvantages

to this technique. Concentration of the nonvolatile impurities,
which occurs in the hydrogen peroxide during distillation,
decreases the stability of the product. In addition, the rate

of decomposition increases with temperature rise (2.3 times for
each 10 C rise in temperature). Finally, hydrogen peroxide vapors
which are in excess of 206 m/o H202 are explosive,

Purification

For some purposes, a relatively high impurity and stabilizexr con-
tent may be innocuous and a lower stability acceptable; however,
for most propellant applications it is essential that the impuri-
ties be removed or kept to a minimum. This is particularly true
when concentrations of 80 w/o or more are desired. High purities
in the propellant-grade solutions are obtained by a multiple-stage
distillation process in which the hydrogen peroxide is completely
vaporized in the first stage, leaving only the nonvolélile impur-
ities. A vacuum distillation is usually performed (Ref. 3.3)

to keep the temperature (and subsequently, the decomposition)

to & minimum. This technique also decreases the potential

explosion hasard.

Theoreti.ally, the removal of impuritisa by Jistillation or frac-
tional crystellization should be coamplots .cept for impurity
pickup froe the apparatus i*self in either tire final process
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3.2

3.2.1

condenser or receiver. How er, because of the catalytic impur-
ities acquired during the handling and storage operations, a
stannate stabilizer is usually employed in small concentrations
to buffer the effects of these impurities. However, the gradual
dropout of this stabilizer during storage results in additional
emphasis on the importance of impurity removal from hydrogen per-
oxide solutions,

Although ionic impurities may be removed by applying an electric
potential, the use of ion-exchange resins may prove to be a more
practical means of purification because this method could be
applied easily at the point of final use to remove contamination
acquired during transfer operations as well as residual aanufac-
turing impurities, Extensive experimental studies in this area
(Ref. 3.5) bave indicated that stannic acid seems the most likely

choice for an ion-exchange media.

CURRENT FRODUCTION

Availability

The principal European manufacturer of hydrogen peroxide is
Laporte Chemicals, Ltd. of Luton, Bedfordshire, England. Prin-
cipal U.S.A. manufacturers are Allied Chemical & Dye, Columbia
Southern Cbemical Corporation, E. I, duPont de Nemours and Com-
pany, Inc., Food Machinery and Chemical Corporaticn (FMC), and
Shell Chemical Company. Of these U.S.A. manufacturers,
dufont (anthraquinone process), FMC (electrolytic and anthra-
quinone processes), and Shell (oxidation of isopropyl alcohol)
are the major producers of propellant-grade (% 70 w/o Hé02)
hydrogen peroxide. Allied Chemical, which presently produces
H,0, grades to 70 w/o, has indicated a potential interest in
production of higher grades. Presently, FMC is the only commer-
cial manufacturer of > 90 w/o H,G, grades. Althoush hydrogen
peroxide concentrations of 99.7 to 9%.8 w/o BéO have been pro-

2
duced commercially (Ref. 3.4 and 3.G), the economic~ and
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application-feasibility tradeoff will probably limit coamercial
manufacture to maximum concentrations of 98 to 99 w/o B0, .

The production of hydrogen peroxide was estimated (Ref. 3.7) to
be 55,000 short touns (as 100 w/o nzoz) for the year 1966. This
Quantity, which fncludes all grades of hydrogen peroxide, repre-
seats an iucrcase over the productions of 52,507, 45,519, and
39,085 short tuns which were quoted for the previous 3 ycars.
The prescnt production capacities of the duPont (Memphis, Tenn.),
MMC (Buffalo, N.Y., Charleston, W. Va., and Vancouver, B.C.), and
Bhell (Norco, La.) hydrogen peroxide plants have been quoted as
2.5 x 106, 3 x 106, and > § x 106 pounds Lydrogen peroxide (as
100 w/o 3202) per year, respectively.

Hydrogen percxide is available in various quantities up to tank
car sizes (4000-, 6000-, or 8000-gallon capacity). The use of
500~ and 1300-guilon capacity portable hydrogen peroxide tanks
that can be filled at the plant and used as storage vesscls at
the user's site offers many advautages, particularly for remote,
overseas, or temporary sites. Tank trucks with capacities up to
4000 gallons are presently in service or available. Small quan-

titiss are mormally purchased in 30-gallen drums.

Cont

Because hydrogen peroxide sales are of a highly competitive nature,
the cost of propellant-grade hydrogen peroxide is flexible. The
grade (including concentration, purification, stabilization, etc.),
quantity, and present competition are all prime factors in ihe
determination of hydrogen peroxide cost. Thus, all individual
manufacturers should be contacted at the time of procurement to
determine the exact cost.
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3.3

For the purpose of estimation, the current price list (Ref. 3.6)
of MMC includes the followving prices for three differeut grades
of hydrogen peroxide iv tank car quantities:

98 w/o 1202--00.60/11;
90 w/o n202—-80.50/1b
70 w/o 3202_30.3«/11,

The quoted list prices of the other wmanufacturers are similar
for the 90 and 70 w/o 1,0, grades. MNowever, the last Air Force
procurement (FY 1Y07) of 90 w/o H,0, was based on a cost of
€0.23+ (tank car lots) to §0.30/1b (drum lots).

In the procurement of low coucentrations of hydrogen peroxide

for initial system passivation, pond decontamination, or other
applications requiring limited stability, it has been recommended
by various manufacturers that higher coucentrations be purchased
and diluted on site; this technique effects same cost savings

in transportation (cost per pound of solution shipped as 8202).
However, for the high-purity grades or grades requiring special
degrees nf stabiliration, product treatment should be limited to

- - ey | + | " PRy P S —— RV
that Pci‘f\umcu &V LG RAnuiacwuring sive,

PROPELLANT SPECIFICATION

Currently, there are two government specifications for the pro-

curement of hydrogen peroxide. These are:

1. MIL-P-16005D, "Propellant, Hydrogen Peroxide,"
(18 March 1965).

2, MIL-H-22868 (Wep)—“Hydrogen Peroxide - Stabilized,
70% and 90% (for Torpedo Use)," {21 March 1961).
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In eddition, during the developmeat and utilization of the
Bedatone Miusile Bystem, there was a “"purchase description”
document, ABMA-PD-H-760), dated 14 August 19538, which was issued
by the Army Ballistic Missile Ageucy for the purpose of procure-
went of H202 used jp this systom. Altuough mo louger applicable,
this document controlled the previous procurement of 76 vw/o B202.

A comparison of the limits and analytical techuiques used in these
specifications, which bave been used in the procurement of 30 w/o
propellant-grade, 7¢ and 90 v/o torpedo-grade, and 76 w/o propellaut-
grade hydrogen peroxide, respectively, is presented in Tubie 3.1.

It should be noted that many of the usere of propeliant-grade
hydrogen peroxide have cowmpany-procurement &nd upe specifications

for bhydrogen peroxide; however, because of the many variations,

these specifications are not discuvased in this bandbook.

The impurity limits estasblished for torpedo-grade hydrogen peroxide

are based on stabilization ~equirements for maximum storability with
respcct to to pedo use; thua, the high concentrations of the phosphates,
tin, and nitrate ions are requir.d. In the establishment of limits

for propellant-grade hydrogen peroxide, minimum stabilization require-

: Y P
ies thatl causs ““"2 CavaLYwv puisvui

» SUT Ampu ;
vere atrictly coutroiled. These impurities were identified during an
experimental stady reported in Ref. 3.8. Phoaphate, which acts as a
stabilizer by complexing the heavy metal ions which promote 8202 decom-
position, is a severe catalyst poison; tbus, its content in propellant-
grade B 0, is limited. Tin (as stannous chloride) is added to the
peroxide as a stabiliser to offset the effects of residual phosphate;
therefore, a minimum limit was established for tin. (The tin content
in H202 will gradually decline during storage due to drop-out f{row

the solution). The chloride and sulfete ions are limited becsuse

they causo contaiver corrosion (turough solvtion of aluminuu).

Nitrate has boen found to inhibit the eflects of chluride and sulfate,
and a lower level has been established for this ion to inhibit con-
teiner corrosicn. Although certain carbenaceous materials are kmown

to be cavalyst poisons, the effeut of carbon is not entirely defimod.
This affect ie discussed fvrther in Bection 7.2,1.3.1.
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3.4

All mapufacturers of propellant-grade 90 w/o hydrogen peroxide

can preseptly wmeet the limite established in MIL-P-16005D. This
is 1illustrated in YTable 3.2 with typical snalyses of products from
three different manufacturers, dufont, MMC, and Bhell, compared tl¢

the procurement specification requirements.

NOIrE: Although there arc some differ-

ences in impurity types and levels in

the bLydrogen peroxide produced by the

various manufaclurers, the limits cri-

teria establisbed by MIL-P-16005D are

adequate to govern the procurement and

opcrational quality of propulsioun-grade

90 w/o hydrogen peroxide. Further dis-

cussion of this analysis is prcecnted in

Bection 7.2.1.3.
Currently, there is no government procurement specification for
98 w/o hydrogen peroxide. However, the Air Force Rocket Propul-
sion Laboratory, which has been assigued primary respousibility
for DOD and NASA propellaunt specification coordination, has indi-
cated (Ref. 3.9) that a procurementi specification for 98 w/o 8202
will be released in 1907. Preseut plane are to revise MIL-P-
160050 to include the limitations for higher concentrations of
ﬂ202. The tentative limits ou the H202 ussay of the higher cou-
centration are 98 w/o minimum and 99 w/o maximum. In addition,
the revision will include some changes in the analytical tech-
niques recomsended in the present specification., Au indication
of these changes is given in the following discussion under

Chemical Analysis,
CHEM1CAL ANALYS1S

The currently reconmended procedures and techniques for the com--
plete analysis of propellant-grade hydrogeun peroxide are pre-
sented in the appropriate procurement specifications. The chem-
ical analysis of other propellant grades, not included in the
present procurement specifications, can be conducted with similar
techniques. Chcmical analysis teshniques for hydrogen peroxide
aleo are available from the hydrogen peroxide manufacturers

upon request.
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3.4.1

3.4.2

Pecaus: u2 the space limitations of this handbook and the ready
availability of the analytical procedures, they iz not repro-
duved ip this bandbook. However, in sumwulion of the analytical
techniques recosmended by MIL-P-16005D, 3202 assay is determined
by standard titration with ceric sulfate to a ferroin emnd point.
The Al, Cl, Nﬂ", NO), POM, and 80,‘ ious are all determined apec-
trophotametrically, eand tin is determined polarographically,
Carbor content is determined by combusting the sample in & fur-
pace to change the carbon materials to 002; this is subsequently
determined by titration (Ref. 3.9). There are some differeuccs
in the analytical techniques recommended by MIL-P-16005D ard
those recommended by the vurious manufacturcrs and used in the
irdustry. The differences in these procedures, which are for
the most parti minor, are summarized in the following paragraphs.
The Air Force 3ocket Propulsion Laboratory has recognized these
differences and has indicated probable changea in the presently
recanmended analvtiou. .“chniques during tke next revision of

the procux‘i\ment specification.

!1202 Assay

Altbhough MIL-P-16005D recummecads determination of B202 assay by
ceric sulfate titration, a survey of the industry has indicated
that most laboratories prefer 3202 assay determination by a per-
manganate titratioan because of the ease in identification of the
end point. However, all laboratories can perform the ceri:c sul--

fate titration with equivalenl accuracics.

Al uminum

In the specirophotometric procedure specified in MIL-P-16005D
for determipaticn of the aluminum ion, an aluminoun-gelatiL -
buffer solution is used for color formation. Th» duPont

(Bef. 310) and Shell (BRef. 3.11) procedures suggest the use of
8-hydroxyquinoline and extraction with chloroforu for
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3.4k.3

3.4.4

3.4.5

.color formwation. The FHQi(Ref. 3.6a) procedure suggests that

the rample size be increased from 10 to 25 milliliters and that

_ the buffer soluticn, prepared by the specification method, may

be slightly less stable than the buffer solution preparation
detailed in the FMC procedure,

Chloride

Shell (Bef. 3.12) suggests determination of the chloride ion by
measurement of turbidity with a colorimeter instead of the spec~
trophotometer specified in MIL-P-16005D. The MMC procedure
(Ref. 3.6h) is a colorimetric method using mercuric thiocyanate

and ferric ammonium sulfate.

Ammonium

'In determination of the ammonium ion by spectrophotometry, duPont

(Ref. 3.10) separates the ammonia from the other contaminants by
distillation before color formation. The FMC (Ref. 3.6) and
Shell (Ref., 3.13) procedures essenticlly agree with MIL-P-16005D
except FTMC suggests thuat greater accuracy may be achieved by

increasing the sample size from 10 to 50 milliliters,

Nitrate

MC (Ref. 3.6) recommends that the heating step with the phenol-
disvlfonic acid reagent, empleyed in the determination of the
nitrate ion, be increased to 15 minutee (from 5 minutes) to
ensure complete contact and nitration of the sample residue.

The Shell procedure (Ref. 3.14) utilizes & larger sample size

and increases the heating time to 10 minutesx,
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3.4.6 Phospbate

The duPont procedure for the determination of the phosphate ion is
essentially identical to MIL-P-16003D except that the ether extrac-
tion is omitted (Ref. 3.10). The Shell (Ref. 3.15) procedure also
omits the eather extraction and uses hydragine instead of stannous
chloride to develop the molybdenum blue color, The FMC (Ref. 3.6c)
procedure is somewhat different. FMC (Ref. 3.6) reports that
attempts to use this procedure (MIL-P-16005D) failed to give

valid or comparative results, Although only preliminary investi-
gations bhave been conducted, studies indicate an error in pH
adjustment of the sample solution before extraction with ether.

It alro appears that the stannous chloride reagent is too acid,

as the blue molybdate color is removed by this reagent. Three
reagents added to the sample solution (HBr, HC1, and HNOB), are

not added in the calibration curve procedure., Thus, the POA
content of the sample could be enhanced by any POA conteined in

these reagents.

3.4.7 Sulfate

For the determination of sulfate, duPont (Ref. 3.10) recommends
the use of & preliminary perchloric acid oxidation to measure
total sulfur, instead of only sulfate sulfur. Shell (Ref. 3.16)
recommends precipitation with barium chloride, stabilization of
the suspension by the addition of alcohol and glycerine, and
turbidity measurements with a photoelectric colerimeter. MMC
(Ref. 3.6d) also suggests the use of a turbidimeter (rather then
the spectrophotanatgr), and & method which converts S0, to HyS
instead of a caustic addition with BaSOQ precipitation,
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3.4.8

3.4.9

3.4.10

Tin

‘Both daPont (Ref. 3.10) and FNC (Ref. 3.5e) suggest the use of

& polarographic method for determining tin in contrast to the
spectrophotometric technique recommended in MIL-P-16005D. Shell
(Ref. 3.17) uses a spectrophotometric technique which is differ-
ent from that in the MIL-P-16005D; the stannic tin is extracted
into an 8-hydroxyquivoline-chloroform solution at a pH of 0.85,
and the tin is determined spectrophotometrically in the chloro-
form extract.

Carbon

DuPont (Ref. 3.10) suggests that measurement of change in con-
ductivity of the barium hydroxide scrubbing solution is a more
accurate technique for carbon determination than the titration
recommended in MIL-P-16005D. FMC (Ref. 3.6) suggests that the
MIL-P-16005D procedure is {1) "tims consuming and heuce expen—
sive to run, and (2) it requires rather elaborate combustion
equipment.” Instead, FMC suggesis the use of a procedaure

(Ref. 3.6f) where the sample is decomposed by addition of silver
nitrate solution and the noncondensable vapors, from boiling of
the resulting solution, are passed through a combustion tube
packed with copper oxide at 750 C; the resulting gas is passed
through a solution of barium hydroxide and potassium persulfate,
which is then titrated with standard HC1l solution to determine
carbon. Shell (Ref, 3.18) uses a combustion technique to con-
vert the carbom to 002, which is determined in a gas chromato-

graphic coluan.
Residue

DuPont (Ref. 3.1(} obtains residue by atmospheric pressure coa-
centration rather than in a vacuum oven,




S.ALL

5.4.12

Particulate

The stringency of the particulate limit, 1 mg/liter, established
by MIL~P-16005D has been noted (Ref. 3.6) in comparison to that
establinhed (10 mg/liter) for other propellants. In addition,
duPont (Ref. 3.10) prefers the use of a Teflon polytetrafluor-
ethylene filter instead of a polyethylene filter for reasons

of safety.

Stability

Host laboratories prefer gas collection techniques for deter-
mining stability in contrast to the weight loss technique recom-
mended in MIL-P-16005D.
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TABLE 3.2

COMPARISON OF TYPICAL ANALYSES FOR PROPELLANT-GRADE
90 w/o HYDROGEN PEROXIDE FROM THREF DIFFERENT
COMMERCIAL MANUFACTURERS

Military

Specification | DuPont ]| Shell | FMC
Percent H,0, 90.0 to 91.0 | 90.7 | 90.7 |90.8
Percent AOL 5.0 maximum 0.9 0.3 1.1
Carbon, mg/liter 200 maximum 11 150 BOL*
Residue, mg/liter 20 waximum 15 15 15
1Y, mg/liter 1.0 maximum | 0.2 | < 0.1 [ 0.2
Poﬁ‘3, mg/liter 0.2 maximum | 0.1 [ o0.04] 0.07
Noj"l, mg/liter 3.0 to 5.0 3 3.6 | 3.5
soh'2, ng/liter 3.0 maximum | 0.3 | < 3.0 0.02
Sn, mg/liter 1.4 to 4.0 1.8 1.8 | 1.9
N“;» mg/liter 3.0 maximum 0.3 l<3al 0,03
Al, mg/liter 0.5 maximum 0.2 0.2 | 0.07
Insolubles, mg/liter | 1.0 maximum | <1.0 <1.0 |<1.0

#Below Detectable Limits
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4.1

4.1.1

SECTION &: STORAGE AND HANDLING

STORABILITY
General

The storability (or storage stability) of hydrogen peroxide is
usually described in terms of decomposition rate nnd/br concentra-
tion change of the H202 over a period of time. DBacause storability
is direotly related to decomposition, it becomes a function of

the considerations involved in the decomposition wmechaunisms. In

a simplification of these wechanisms, which are described in
detail in Section 7, the basic factors controlling decomposition
rate iu a storage system are H202 concentravion; temperature;
impurity types and concentrations in the H2023 and the composition,
area, and condition of the surface in contact with the H202. Al-
though many of these factors are discussed in other sections of
this handbook as a result of studies of materials compatibility,
passivation techniques, decomposition mechanisms, etc., they are

interrelated and presented in this section in tems of storability.

Until the early 1960's, the generally accepted decomposiiion rate
AOL* of commercial, unstabilized, propellant-grade hydrogen peroxide
under norwal storage counditionas (e.g., in a 30-gallon storage drum

at an 8/V of 0.38 in. Ywas ~1 percent/year at ambient temperatures
of 77 to 86 F (Ref. 4.1). This rate is theoretically equivalent to

a propellant-grade hydrogen peroxide concentration loss of

~ 0.5 v/o H202/year. Some examples of decomposition rates actually
experienced during drum storage (under field handling conditions) of
various types of hydrogen peroxide between 1945 and 1963 are shown

in Table 4.1 in terws of concentration changes and actual oxygen loss.
These results, which are easentially representative of propellant
manufactured before 1960 and of storage at the 8/V (0.38 in.-l)
typically found in 30-gallon storage drums, were reported in Ref. 4.2,

%AOL (active oxygen lows) is defined in Section 4.2.1.1.A.
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There are somc discrepancies noted in Table &.1 between the re-
ported oxygen losses and the H202 concentration chauges. It
would appear that if the magnitudes of the reported H202 concen-
tration chauges were entirely attributable to H202 decomposition,
the oxygen losses would be much higher. Although it is possible
that some of the 8202 concentration change during the storage
period was due to moisture absorption from the air (during drum
"breathing'), the discrepancies do cause some doubt in the val-
idity of the oxygen losses reported. Because the technique for
determinztion of oxygen loss is not reported, and it is assumed
that such a measurement would be difficult under the uncoutrolled
conditious of drum storage, the concentration change appears to
be the wost indicative factor of decompusition rate during these

tests,

from the H202 concentrativn changes reported in Table 4.1, the
decomposition rate of the unstabilized 90 w/o 8202 can be esti-
wated as approximately l-percent AOL/year which corresponds to

thial rate generally accepted by the industry during this period.
The data presented in the table also indicate smaller decomposi-
tion rates for both the 98 v/o HDO9 propulsion grade and the
stabilized torpedo grades {90 and 70 w/o0 H202) under esseatially
the same storage conditions. These effects are discussed furtherin
Sections 4.1.3.2 and 4.1.3.5.

Recently, improvements have been reported in the storage satability
of hydrogen peroxide, particularly, in the 90 w/o grade. The
gross result of this improvemwent is illustrated in Table 4.2 with
data from studies conducted in 1947 (Ref. 4.3) and in 1965 (Ref.
&.1 and 4.4) on 90 w/o B0, and studies on 99+ v/0 B0, in 1953
(Ref. 4.5). In tuis table the rete of decomposition of the hy-
drogen peroxide hus been reported as a functiou of temperature
anC as a function of contamination for the three different time
periods. Although the reasons fur the improvement in hydrogen
~ peroxide stability are not defined in Table 4.2, the data are in-
dicative of the progress that has been wade in the storability

of hydregen peroxide. Y
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4.1,2 Storability Igprovegpent Studies

This recent increase in the storage stability of hydrogen per-
oxide is a result of a cowbinatior of factors including (1) in-
creased purity of the hydrogen perioxide, (2) better selection
of tha cuntainer materials, (3) improved surface treatment aud
passivation of the container, and (k) development of more effoc-
tive stabilization techniques. A recent characterization of
these factors resulted from three primary studies directed at
the improvement of hydrogen peroxide storability. These atudies,
which were conducted by duPont (Ref. 4.6), FNC (Ref. &.7), and
Shell (Ref. 4.1, 4.8 and 4.9), arc sumuarized in the following
paragraphs.

DuPont (Ref. 4.6) conducted studies on (1) the stability of solid
and low-temperature (32 F) liquid hydrogen peroxide (90 to 100
w/o H202) in Pyrex; (2) the effect of aluminum, Pyrex, polyethyleng,
and flyorocarbon polymers on the stability of 8202 in the 122

to 158 temperature range; and (}) the reaotion mechanisms of hy-
drogen peroxide decomposition. As a result of this study, the
decomposition rate of high-purity or commercially stabilized hy-
drogen peroxide at -76 to 32 F was found to be less than 0.04
percent per year in Pyrex. In addition, the decomposition rate
of 90 w/o H202 in contact with a Tetlon FEP fluorocarbon film
that had been mildly irradiated in air was less than one-third

of the rate involved in contact of the 90 w/o B0, with a passi-

vated aluminum surface and less than one--half the rate with

Pyrex.

Sealed storage studies of the commercial and propulsion grades
of 90 and 98 v/o 3202 in TFE Teflon bladders (contained in wild
steel tanks) were conducted at 70 to 72 F (5 months), 120 F (7
days), and 165 F (72 hours) by FMC (Ref. &.7). Although bleach-
ing and cracking of the bladders were experienced, the tests
demonstrated & reduction in 5202 deconposition rates through

157




improved surface pretreatmeni and passivation techuniques and use

of stabilizers. Extrapolations of the data indicated the oxygen
lossas of 98 w/o 3202 were less than 0.4 percent/year at 70 F in
the bladders., Compatibility screening studies indicated that

other bladder materials such as NAA Vicoume 185, dulont Viton B
(805). and 3X Fluorel 2141 were superior to the TFE Teflon waterial.

In the study couducted by Shell (Ref. 4.1), experimental investi-
gations were directed into three major aress: (1) improvemeut

of B0, purity, {2) development of an improved liguid decomposi-
tioa inhibition system, and (3) assessment of contaiuer materials
of construction for long-term sturage. Storage decoyposition
rates for 90 w/o 3202 were reduced to 0.0k percent/year at ambient
teuperature as a resul¢ of H202 stabilization and careful selec-
tion and preparation of the storage coutainer waterial (Pyrex).
It was also indicated that the use of other waterials such as
ACLAR-33C and Kel-F plastics, 12060 aluminum, and electrolytic tin
plate (special preparation) in large storage tanks [miniwum
surface-to-volume ratio (S/V)] could reduce overall decomposition
rates under normal storage conditions to 0.1 perceut/&ear. Var-
ious means of purification such as distillation, recrystalliza-
tion, and ion exchange on insoluble inorganic exchangers have
alao been effective in reducing the decomposition rate; it was
also indicated that decouposition rates of 99 w/o H202 were
slightly lower than those of 90 w/o H202 under the same enviroa-

weutal conditions (including the degree of contamiuation).

Shell has continued the investigation of hydrogen peroxide pur-
ification and stabilization techniques and the passivation of
coutainer materials to determine the feasibility of sealed hydro-
gen peroxide storage for periods of 5 years (Ref. 4.8 and 4.9).
ln this study, which was scheduled to be concluded in January
1968, B-stannic acid was determined to be the most effective ion-
exchange purification medium for increasing the stability of
hydrogen peroxide ir storage; decomposition rates of Y0 v/o 8202
treated with this technique were approximately omne-third the
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rates ¢f untreated 90 w/o 8202 after storage in aluminum for periods
of 1 year, It was also determined that the minimum decompcsition
rate of hydrogen peroxide in contact with aluminum surfaces was
achieved when the aluminum was subjected to a ceustic-nitric acid-
hot (212 F) 90 w/o H202 protreatment sequence prior to testing;
however, only ninor changes in stability resulted from various

types of chemical pretreatment of stainless-steel surfaces (Tables
4.31 and 4.31la end Section 4.2.2.12} The decomposition rate of

90 w/o Hy0, in contact with tin-plated (electroplated) aluminum

was greater than that observed with either the best tin surface

or the best passivated aluminum surface.

4.1.3% Factors Affecting Storability

As noted throughout the various stndies of storabilivy, decomposi-
tion, passivation, materials compatibility, propellant purifica-
tion, etc., reported in various sections of this handbook, storage
stability of hydrogen peroxide is depcident on a variety of
factors. Because it is difficult, however, to separate the in-
fluence of each contributing factor under actual storage condi-
tions, many of these studies have been conducted under ideal or
isolated environments. Although, for this reason, the transia-~
tion of the data from t“ese tests into gross storability in terms:
of particular rates are difficult, the general degree of influence
can be fairly accurately predicted and established. Thus, the
general effect of factors such as concentration, purity, tempera-
ture, container material, container surface pretreatment, and
passivation, S/V container ratio, and propellant stabilization
system on'storability are discussed briefly in the following

paragraphs.

£.1.3.1 Conceuntration. Under equivalent sforage conditions, it has been
determinc? that the storage stability of hydrogen peroxide is

increased with its concentration (Ref. 4.1 and 4.2). This is
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4.1.3.2

11.10303

4.1.3.4

" generally attributed to the decrease in impurities and ionization

with the loss in water cuntent, and to the decrease in container
coatact area with decrease in surface tension. This effect is
illustrated as a function of concentration from 90 to 98 w/o in
Fig. 4.1; comparisons of other decomposition rates betweea 90 and
98 w/o 3202 are shown at two othexr conditions in Fig. 4.2 and 4.3.

.Purification. As the various inorgamnic and organic contaminants

are removed from hydrogen peroxide-water solutions, storage sta-
bility will approach that of high concentration (98 w/o) hydrogen
peroxide; however, because of the various effects (described in
Section 4.1.3.1) resulting from water elimination, the storability
of the more aqueous solutions will never equal the stability of

98 w/o_!i202 assuming the same degree of impurities (Ref. 4.1).
Current studies (Ref. 4.8 and 4.9) have demonstrated that va.ious
types of purification techmniques will produce hydrogen peroxide
with homogeneous decomposition rates on the order of 0.03 to 0.07
percent AOL/&ear at 77 F.

Temperature. In gereral, the decomposition rate of hydrogen per-

has been found to increase 2.7 tiwes for each 16 ¢ {18 F)
rise in temperature; this effect is illustrated im Fig. 4.4 which
was reprinted from Ref. 4.1. Other data om this effect have been

reported in Ref. 4.5.

Container Surfaces. The ef ect of the stornge contairer on the

storability of hydrogen peroxide is essentii..ly a function of
the type of material, the surface treatment and passivation,
and the S/V of the material in contact with the liquid volume.
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4.1.3.4.1 Cdntainer Material. The effect of various materials in

contact with the hydrogen percxide is described and compared
in the Materials Compatibility Section (Section %.2.2). How-
ever, for cowmparison purposes, decomposition rates resulting
from the effect of seiected materials in combination with

. other effects are shown in Fig. 4.4 (Ref. 4.1) and 4.5 (Ref.
k.1 and 4.10) for 90 w/o B0, .

4.1.3.4.2 Surface Treaimcnt and Passivotion. Several studies (i.e.,
‘Ref. 4,1, 4.7 to 4.9, and 4.11 to 4.18) have established the

impertance and effect of surface pretreatment and passivation

on the decomposition rate and the stability of hydrogen perox-
ide. Detailed data in this area are presented in Section
4.2.2,12 and Tables 4,21 through 4.31a as part of the Mater-
ials Compatibility Section. An example of che effect of sur-
face pretreatment in terms of storability of hydrogen peroxide

is shown in Fig. 4.6,

4.1.3.4.3 Surface to Volume Ratioc. The effect of the storage con-

tainer surface on the decomposition rate of the hydrogen per-
oxide is usually illustrated in terms of S/V. This ratio is
generally defined as th2 imrersed surface area (that area in
contact with the liquid hydrogen peroxide)/liquid volume of
the hydrogen peroxide. The relationship between these two
factors has been found to be an effective means of expressing
the contribution of the heterogeneous decomposition rate of
the liquid to the overall decomposition rate of the hydrogen

peroxide.

In determination and comparison of the compatibility of variouse
materials, the S/V is usually kept constant. For most of the
studies illustrated in Section 4.2.2, a sample size of 1-1/2
by 1/2 by 1/16 inch has been immersed in 75 milliliters of
hydrogen peroxide, thus establishing a S/V value of 0.38 in.2/
in.3 {0.38 1n.“1). This numbher generally correspouds to the
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£.1.3.5

conditions found in the storage of hydrogen peroxide in a

standard 30-gallon storage drum.

1t is obvious that as the surface in contact with the liquid
is reduced (S/V — 0), the heterogeneous decomposition rate is
reduced. Thus hylrogen peroxide stored in large storage tanks
should have a minimum decomposition rate, assuming the equiv-
alency of the other factors. This is illustrated in Fig. 4.5a
in which experimcatal studies (Ref. 4.1) were used to predict
the decomposition rates shown in the figure; as S/V is reduced,
the overall decomposition rate of the hydrogen peroxide ap-
proaches that of thc¢ homogeneous decomposition rate. Further,
it was indicated in this study that '"decomposition rates of
the order 0.1 percent ACL/year at ambient temperature appear
to he readily attainable by use of highest quality (90 w/o
H202) stabilized with sodium stannate and stored in vessels

of low surface activity and low S/V ratie.

Other experimental studies (Ref. 4.5 and 4.10) of th: effect

of S/V on hydrogen peroxide storability are illustrated in

Fig. 4.5b, 4.5c, and 4.7. Figure 4.5a, 4.5b, and k.Sc also
indicate the effect of S/V as a function of different materials.

- Figure 4.7 represents work (Ref. %.5) that attempted to limit

the homogeneous decomposition rate through the use of high

purity (99+ w/0) hydrogen peroxide and limit the catalytic

effect of the container surface by using carefully pretreétgd
glass. It was concluded from the latter study that "the
whole inside surface of the container plays a part in the
decomposition, but per unit area the immersed qﬁ:faée is

more effective than the nonimmersed surface."

.Stabilization. The use of’itabilizerabto improve hydrogen ’

peroxide storage stability is elséptially based on the premipe_,it$k
. that they will inhibit decomposition by gontamination incurred
during storage and handling operations. "If the hydrogen

-
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peroxide could be protected against contact with soluble and
insoluble contaminants, stabilization would not be required. In
additicn to the contamination of the hydrogen peroxide by the
system febrication materials, 8202'c0ntaminntion may result
from improper storage and/or handling system, cleaning and
paaaivatidn techniques. The incomplete removal of organic
solvents, acids, detergents, chromic acid cleaning solutions,
etc., by inadequate rinsing or the use of rinse waters which
contain various impurities can readily cause contamination of
hydrogen peroxide Sy the storage or handling system. For

the preceding reasons, and because the normally manufactured
hydrogen peroxide does contain traces of impurities that will
cause H202 decomposition, some degree of stabilization has
been effected in most of the commercially manufactured hydro-
gen peroxide. The degree and type of stabilization has de-
pended on the planned use of the 3202.

There is uo single stabilizing agent which may be designated
as‘the most effective or the most desirable, The selection of
a stabilizer;must be made with regqrd to the conditions under

which the hydiogen peroxide ultimately is to be used, to the
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tvna of oont&min ion likely
conslderationg-as the réquired storage period and the probable
‘prévailing‘tembérature during that storage period. If the
storége period is to be relatively brief, an Organié stabil-~
izer may be satisfactory; however, over a long period of time,
.sIOW»oxidation.may destroy the effectiveness of an organic
v.cpmponent{ However, limitations may be placed upon the chuice
of an inorganic stabilizer because of the quantity of undesir-
able residues which may remain after a large quantity of hy-
drogen peroxide has been decomposed It ies alsc appearent
that a large proportzon of etabilizer iu unsatisfactory

'An extenlivq number of ltabilizers, both inorgan*c and organic
" kave been t.md (1.. , Ret. 4.1, 4.5, 4. 8, and &, 9) with both
‘dilute and coucentrated hydrogen peroxide polutiona. Among
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4.1.3.5.1

these subatances, the most notable success was obtained,
especially in the case of the highly concentrated hydrogen
peroxide solutions (Ref. 4.5),with sodium stannate or 8-
hydroxyquinoline ("oxine") in the prescuce of a soluble pyro-
phosphate, or e phosphate-pyrophosphate mixture, A detailed
discussion of hydrogen peroxide stabilizers is presented in
Ref. 4.19 and 4.20.

Recently, the effect of the contaminants most commonly en-

countered in propellant-grade hydrogen peroxide oun the stability

-0f hydrogen peroxide was characterized (Ref. 4.21). Separate

90 w/o hydrogen peroxide solutions were contaminnted with var-

ious concentrations of seleclted ions (Cr+3, Fe+3, Cu+2, Ni+2,

POh'j, SOA"Z, N03-1, Clnl) to determine their influence upon

the stability of the hydrogen peroxide. Copper was found to
exhibit the greatest effect (toward decreaming the stability)

followed by irom, nickel, and chromium (Table 4.2).. The anions

‘exhibited no detectable influence iu the concentration ranges studied

wken stability was measured by standard weight lose technique.

- Stabilization Effects. The total effectiveness of hydro-
gen peroxide stabilization depends largely on the type and

quantity of stabilizer used, the initial H202 concentration
and purity, and the container material type and surface pre-
treatmeut. Recent studies by Shell (Ref. 4.5) on storage in
5-gallon drums has demonstrated that commercially available

90 w/o hydrogen peroxide cen be stabilized and stored in prop-
erly prepared vessels with a decomposition rate as low as 0.0%

percent/year at ambient temperatures. The evolved &as at such

“vates can be contained in the vésqéllwith'relatively low ullage

and at reasonable presesures for eeveral years. The decomposi-
tion rate depends to an appreciable extent upon the container
material and the surface finish. Pyrex effects the lowest

decompoaitioh rate. However, with the proper passivation and

surface treatment, containers of ACLAR, Kel-F, 1260 aluminum
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and electrolytic tin having low-5/V demunstrated decomposition
rates as low as 0.1 percent/}ear. The ra.zJy predicted for
these materials as a function of $/V are shown in Fig. 4.5a.

Other examples of the end results of stabilization are illus-
trated in Fig. 4.1, 4.8, and 4.9. Figure 4.1 (Ref. 4.2) com-
pares oxygen loss over a 24-hour period between commercially
stabilized and unstabilized hydrogen peroxide as a function

of concentration at 212 F. Figure 4.8 (Ref. 4.7) illustrates

. the reduction in AOL by commercial stabilization of 98 w/o

hydrogen peroxide as a function of temperature. The effect of
stabilizer quantity is illustrated in Fig. 4.9 (Ref. 4.8); the
stabilizer used in this illustration was sodivm stannate, which
was added in varying amounts to hydrogen peroxide obtained

from three different manufacturers.

Stabilization Requirements. The requirement for hydrogan

_ peroxide stabilizetion is based on the end use'to which the

hydrogen peroxide will be epplied. Generally, stab1lizers are
added to extend the storage life of the propellnut, and as such,
when the end use of the propellant dependa on its decompos1t10n
in a fixed catalyst bed chamber, the use of stabilization is
severely llmlted by the poisoning effect of the stabilizer on

the catalyst (Section 7). This is reflected in the two’ prim-

- ary propellant specifications presently in use. The torpedo-

grade propellant specification, MIL-H-22868, ‘which requires
long-term sealod storage propellant nof subject to decomposi-~
tlon in a fixed-bed catalyst, specifies a large amount of
stabilizers. MIL-P-16005D, wﬁich ie the procurement specifica-
tion for propulsion-grade hydrogen peroxide, limits the total
stabilizer contenf to a few mg/liter be«ause of the usual
application of this hydrogen peroxide gi1ide in fixed catalyst
beds. Hydrogen peroxide used in the che: ical pretreatment

and passivation of hydrogen peroxide aysiems im mometimes
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%.1.3.5.3

(Ref. 4.2) heavily stabilized to provide enough ions to com-
plex all of the potential catalytic sites. Therefore, the
quantity and type of hydrogen peroxide stabilization is dictated
by the end use of the material.

Stabilization is usually effected by the hydrogen peroxide manu-
facturer as a condition of the procurement. The individual re-
quirements should be discussed with the manufacturer and his
assistance sought in determining the need for and type and
amount of stabilization required. All hydrogen peroxide manu-
facturers indicate that conventional stabilization should be

accomplished at the manufacturing site.

Emergency Stabilization. Stabilization of hydrogen per-

oxide at storage sites has been utilized under "emergency con-

1

ditions.”" The conditions, which necessitate this corrective

éction, are usually associated with sclf-heating of hydrogen

. peroxide storage systems due to excessive decomposition causcd

by unanticipated contamination of the system. One source

. (Ret. b.22) has recommended such corrective action when the

temperature of ihe hydrogen peroxide (without extermal heuting)

riges to & level 20 F greater than that of the surroundings.
The rate of temperature rise also determines the urgency of

the corrective measures, Another source (Ref. 4.3) considers
it desirable to maintain time-temperature records of all
storage units and recounmndé takiﬂg corrective action when the
bulk temperature achieves a 2 to 3 F increase in temperature
over the maximum ambient temperature. Corrective action is
also recomménded if the rate of temperature increase is greater
than 0.5 F/hour. The more conscrvative methods limitations

of Rei. A;B should result in fewer "incidents" and provide

additional time to comnsider appropriate action.

In estimating the necessity of corrective action based on AOL,

Ref. 4.23 states that for a 30-gallon drum, a rate of more

than 2 percent AOL/year (or 0.0054 percent AOL/day) is abnormal;
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for a 500-gallon tank, a rate greater than 1 percent AOL/year
or 0.0027 percent AOL/any is excessive and for flow systems a
decomposition rate of 0.05 percent AOL/hour is the maximum per-
missible rate concurrent with a temperature rise of approximately
5 F above ambient conditionms,

In the early stages of storage system self-heating, temperature
rises may be counteracted by the uec of water spray on the

storage container. If adequate pure water is available, if

.container free space is available, and if moderate dilution

is not critical to the end use, the most rapid cooling may be
achieved by the addition of water directly to the hydrogen

peroxide in the storage container. This éo&ling period allows

‘greater flex1b111ty aud addxtxonal time for analysis, procure-

went, or preparntlou of stab111ze-, but does not eliminate the

need for further action.

When attempting to control a self-heating tank, a careful record
of the temperature vs time should be mointained to help evaluate
the effectiveness of the control technique. In projecting a
time-temperature curve from previous experience, several assump-
ticons must be made. Most of the approxiwations will overesti-
mate the hazard and undercstimate the time before eruption

from the storage container. There are two major factors which
may result in decomposition rate accelerations with time: (1)
excessive temperature rise may result from the decomposition

of the stabilizer, and (2) decomposition at the container walls
may result in the formation of a gas blanket which prevents
adequate heat transfer through the container wall causing addi-
tional temperature increase of the solution and increased de-
composition. In the latter case, a temperature-indicating
device on the outside wall of the tank will not indicate the
temperature increase in the liquid but will indicate a lowver
temperature. Because heat transfer under these¢ conditions

may be somewhat erratic, this temperature is a poor indication

of true liquid conditions.
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4.1.3.5.4

The hydrogen percxide bulk temperature will lag changes in air
temperature depending on the container sire., A large tank which
has been warwed during the day will require some time to cool
because oy the volume of solution. For a tank to be warmcr than
air temperature at night is normel and no cause for alarm. For
the tank temperature to be gradually increasing townrd an in-
creased air temperature is normal. For the temperature of a
tank not expesed to direct rays of the sun to be increasing

in tempcrature when the air temperature is decreasing is ab-
normal, For the tank temperature to be counsistently higher

than ambient air temperature is not normal.

In making e decision to stabilize a "hot system) the advice

of the hydrogen peroxide manufacturer should be sought if at
all possible, If the conditions are so critical that this con-
tact cannot be accomplished, the guide of Paragraph 1.6.6 in
"The Handling and Storage of Liquid Propellants - Hydrogen
Peroxide" (Hef. 4.24) cau be used:

1.6.6 Fmergency Stabilization: The decomposition of hy-
drogen peroxide at an nccelerating rate, as evidenced by
increasing gas evolution and lemperature may be brought
under control by the following emergency stabilization
procedure: add 1 pound of 85 percent phesphoric acid solu-
tion {in water) for each 100 gallous of hydrogen peroxide
solution. Mixing is not necessary because the turbulence
will disperse the stabilizer. After being thus stabilized
and if the deccomposition subsides, hydrogen peroxide way
be stored in aluminum containers until cousumed or other-
wise disposed of. This solution must not be used in appli-
cations involving catalytic decomposition chambers, because
the stabilizer will poison the catalyst.

Effective Life of Stabilizers. Storage in metal containers

slowly destroys the stabilizing effect of stannate by precipa-
tation out of the solution. This normally takes approximately
4 wonths for aluminum containers; in Pyrex contuiners the
stabilizer is approximately 45 percent depleted in 4 wonths;
hovever, in polyethylene, no loss of stabilizer was detectable

(Ref. 4.20). The analysis of hydrogen peroxide solutions for
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tin will also reveal varying concentrations depending upon
the age of the snrlution when tested. Comparison of analytical
reports from separate laboratories on the sawe sovlution must

allow for this variation.

Hydrogen peroxide used by the Germans during World War 11 was
usually 85 percent by weight H202 and was stabilized with 8-
hydroxyquinoline in the form of the pyrophosphate or mixed
with sodium pyrophosphate. This stabilizer slowly oxidized
and in approximately 6 montlis had effectively disappeared.
This organic stabilirer is normally considered superior to

stannate in protection against iron.

MATERIALS OF CONSTRUCTION

Initial selection of materials for application in hydrogen
peroxide storage and haundling systems is based on a series of
materials compatibility tests, These tesis may rauge {rom an
evaluation of a material sample under a set of general test
conditions to the definition of the specific limitations of
various pieces of hardware fabricated from a number of differ-
ent materials. Although the compatibility of materials with
a propellant is usnally based primarily on the ability of the
material to withstand chemical attack by the propellant (as
expressed by corroeion rate), the emphasis in the evaluation
of materials compatibility with hydrogen peroxide is placed
on the effect of the material on hydrogen peroxide stalbility
(as expressed by decomposition rate). Because hydrogen per-
oxide decomposition is a function of several variabies, includ-
ing material type, surface arca, contamination, temperature,
etc., it is essential that the selection of a materisl repre-

sent an evaluation of all of these potential effects,

The available technology ou materials compatibility testing

with hydrogen percvxide is summarized in this section. A
description of the compatibility studies that have been conducted
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and the criterin established by these results are used to pro-
vide a basis for the selection of waterials of construction

for hydrogen peroxide service. The final evaluation ¢f{ a mate-
rial and its suitability for an applicaiion involving contact
with H202 is based on experience resulting from that applica-
tion. In gereral, the recommendations of materials classifi-
cation for H202 service contained herein are based on both the
results of laboratory tests and on practical experience. In

a few instances, practical experieace has revealed results
different from those of laboratory tests. Whenever this is

the case, the greater consideration has been given to practical
experience and conclusions are drawn accordingly. Criteria
established for laboratory tests are based as far as possible
on correlations with experience resulting from piacing the

materials in service.

NOTE: The user of this handbook should be
cautioned that the waterials compatibility
data presented herein should only serve as

a busis for selection of materials for hy-
drogen peroxid2 service. Careful consider-
ation should be given to the conditions of
testing; the use of the material under a
different set of conditions may have an
entirely differentl effect. Materiais which
ave not suitable for use at high tempera-
tures may be acceptable for uses at lower
temperatures. Different fabrication proce-
dures and passivation techniques may result
in variation in compatibility classificat-
tion. Even different lots of the same parts
fabricated from "compatible" materials by
the same manufacturer using the same manu-
facturing techniques have revealed variations
in compatibility. Thus, it must be emphasized
that any material used in hydrogen peroxide
service be thoroughly tested and qualified
under the conditions of its intended use
before it is placed in service.

k.2.1 Cowpatibility Studies

Compatibility studies that have been conducted with hydrogen
peroxide are described in terms of standard test procedures,
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standard compatibility classification definitions, and standard
rating criteria. Although the illustrated procedures and
classifications do not necessarily reflect the most desirable
methods for all purposes, they do represent the most typical
(as noted in Ref. 4.25) of the general tests, classifications,

and rating criteria presently euwployed.

Compatibility Test Procedure. The compatibility test procedure

normally consists of three basic tests. An initial screening
test is performed to eliminate all materials that cause gross
decomposition of the hydrogen peroxide. The compatibility of
the preselected materials with hydrogen peroxide is then de-
termined by measuring a rate of II202 decomposition (as percent
AOL) during an immersion of the materials in hydrogen peroxide
(of a selected composition) for a stated temperature and time
interval. The final evaluaticn in the compatibility test
procedure is the determination of the stability of the hydro-

gen peroxide after contact with the material.

Screening. Prior to quantitative testing, a new or un-
tried material should be immersed (after chemical pretreatment)
in 75 milliliters of hydrogen peroxide in & passivated container
at room temperature for 24 hours. Special attention should be
directed to possible violent decomposition, combustion, solu-
tion, dimensicnal distortion, etc. If no unusual aciion cccurs,
the sample should be subjected to a further acreening at 150 F
for 24 houra. If noc gross reaction occurs under these pre-
liminary conditions, the material is further tested using the

following technigue.

Sample Size. In determinations of the compatibility of
solid materials, a sample strip, 3 by 1/2 by 1/16 inches, is
normally used for evaluation of both the liquid and vaper

phases., For those materials that will be used in a continuously
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4,2,1.1.3

wetted condition, a sample strip, 1-1/2 vy 1/2 by 1/16 inches,
is usually immersed in 75 milliliters of the hydrogen peroxide
solution., This teat condition simulates an apparent sample sur-
face area of 1 aq in. per 42,8 milliliters of hydrogen peroxide
(which opproximates the €.33 in.2/in.3 S/V of the wetted eurface
of a stondard drum centaining 250 pounds of HQOQ). If it ie
necessary to test a differently sized sample, retention of this
apparent S/V will aid in comparison of the results with those

of previous studies. In evaluating materials for specific
applications, the S/V of the application should be duplicated

if possible. 1In testing the compatibility of liquids with H,0

a
272
5-milliliter sample size is normally uscd; evaluatione of grcasecs

- are usually conducted with samples of 5-milliliter size which

have been smeared on the inside of the test flask. It is im-
portant to record and report surface arca of the teat sample
and the liquid volume of the 11202 used. Vapor aspace or ullage
should be minimized or held constant in comparison of different

meterials.

Cleaning and Passivation of the Test Containcr and
Specimens. Prior to use, all glassware (the test container)

should be immersed in a 10-percent sodium hyidiroxide solution

for 1 hour &t room temperature, rinsed with water, immersed in

a 10-percent HNO3 solution (3-hour winimum), end finally rinsed
with distilled water. The use of chromic acid cleaning solutions
should be avoided, and passivation with hot concentrated

(70+ percent) hydrogen peroxide is recommended.

Aluminuwn samples should be scrubbed with a warm detergent solu-

" tion, immersed in 0.26 w/0 (N/15) sodium hydroxide at room tem-

perulure for 15 to 20 minutes, washed, immwersed in 45-percent
nitric acid for 45 minutes to 1 hour at room temperature, and
finally washed with distilled water. The samples should then
be pretreated with 35 w/o H,0, at 68 to 72 F for 8 to 24 hours.
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Stainless~steel samples should be degreascd by scrubbing with
trichloroethylene, rinsed with water, allowed to drip dry,
and immersed in 70-percent nitric acid for 4 to 5 hours at
room temperature. Then, the samples should be washed with
clean water, washed with distilled water, and finally pre-
treated with 35 w/o H,0,. In instances where the stainless-
steel apccimens do not respond well to the preceding passiva-
tion technique (as noted by decomposition activity in the
35 w/o 3202), stainless—-steel specimens may be passivated
by the following alternate procedure which has been utilized

successfully in the past:

1. Degrease by scrubbing with trichloroethylene and
| allow to drip dry.

2. Immersc the specimen in 2-percent Na20r207 solution,
wash twice with H20, and immerse in a 20-percent HNO3
solution for 1/2 hour at 120 to 130 F. (This pro-
cedure has been questioned because contamination

with chromate ions is possible.)
3. Flush with potable water,

4. Flush with distilled water and pretreat with 35 w/o
11202 .
In the case of rusted stainless-steel surfaces and stainle~s-
steel welds, an acid pickling is required before satisfactcry
passivation can be achieved. The procedure for this treatment

is as follows:

1. Immerse in & 3-percent hydrofluoric acid-10-percent
nitric acid solution for 30 minutes at 100 ¥, or 2
to 3 hours at 65 to 70 F.

2. Flush with potable water and scrub with a stiff

brush to remove welding scale and rust.
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3. Passivate by immersion in 70-percent nitric acid
for 4 to 5 hours at room temperature, rinse with
clean potable vater, and finally rinse with dis-
tilled water. Expose the specimen to 35 w/o H2O2
at 68 to 72 F for 8 to 24 hours.

Plasticse and elastomer s.umplea siiculd be thoroughly acrubbed
in an 0.5-percent solution of a synthotic detergent, ringed
with distilled water, and immersed in a 10-percent HNO3-water
golution at 68 to 72 F for 1 hour. The samples should then
be pretreated with 35 w/o H202.

During the final rinsing of all passivated specimens, the
samples should not be touched with bare fingers; at this
point only gloves or tongs should be used in sample handling.
It is usually convenient to wash sample strips on a Pyrex
funnel (as a handling medium), taking care to wash all areas.
The strip should be dried between two sheets of filter paper
at room temperature or in a 122 F oven and then placed in a
test flask which is immediately capped with aluminum foil to

eliminate possible contamination by dust, dirt, etc.

AQOL Determination by Weipht Loss. The specimen, pre-~

pared as described in the preceding paragraph, is placed in
a passivated 100-milliliter Kjeldahl flask that has been
rinsed with a smell volume of hydrogen peroxide of the re-

quired strength. The flask is weighed to 0.01 gram and the

desired quantity (usually 75 milliliters) of hydrogen peroxide

of the desired strength is added to the flank., The flask

is reweighed and the initial weight of hydrogen peroxide
solution is recorded as the difference between these weights,
At conclusion ol the desired test, the flask and its contents
are rexoved from the constant-temperature bath, cooled to
room temperature and weighed. As a minimum requirement, these

tests should be conducted in duplicate.
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The percent of active oxygen lost is calculated as followe:

Wl - W

2
Percent Active Oxygen Loas = Cwl x 0.470

x 100

wkere

x,
L]

1 initial net weight of hydrogen peroxide

x
[}

final net weight of hydrogen peroxide

initial weight fraction of hydrogen peroxide,
{percent concentration)
100

(o]
[
]

The results of some compatibility tests (Ref. 4.10 through

4.16 and 4.18) have been based on H202 concentration deter-

minations before and after the tests. During these tests the

active oxygen loss is determined by the expresaion

(W,C; - W,Cy)

W0y

Percent AQL = x 100

where

Wl, Wé, ara C, are as defined previously and C2 is the

1
finsl conceniration of hydrogen peroxide.

NOTE: The term 0.47 in the first equation
represents the weight fraction of availabie
oxygen in 100 w/o H,O

2°2°
Qualitative observations are also recorded on sich effects
a8 discoloration of the hydrogen peroxide and apparent changes
in the physical properties of the test material. The latter
includes: (1) for metals--corrosion, staining, and any surface
change during or after testing; (2) for plastics and elastomers——

bliatering, swelling, distortion, changes in flexibility,
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color, transparency, tensile strength, and tear resistance;
and (3) for fabrics—chonges in color, tensile strength,

burning, and tear resistance.

AOL Determination by Gas Evolution. During compatibility
teasts where the AOL is small, probably the most accurate method

of measurement is by gas evolution. This technique, which is
described in detail in Ref. 4.20, involves the collection of

the gas evolved during the test period in a smell gas measuring
buret. The long neck on the special test flask acts as an air-
cooled condenser to reduce loss of the hydrogen peroxide vapor.
The peck is connected by means of small bore tubing to nozzles
submerged uncer a few centimeters of water in a trough. Burets
arc inverted (ver the nozzles to collect the gas. A multiple
arrangement of differently sized burets with appropriate valv-
ing is used to permit sclection of the proper size and additiona:
volume without luss of any gas. The volume of gas collected is
converted to weight of oxygen evolved by use of the relationships
expressed in the perfect gas lawa, The percent AOL is then com—
puted from the following expression:

Percent AOL = 100 x weight of oxygen evolved/0.47 x C1 X Wl

wvhere Cl and wl

peroxide in the test sample expressed as weight fraction and
W

refer to the original concentration of hydrogen
1 is the original weight of the tecst sample.

Stability Determination. The recommended procedure for

stability determinations on the resultant hydrogen peroxide
is the same as presented in the MIL-P-16005D procurement
specification (Ref. 4.27). The stebility of the H,

is obtained from the compatibility test flasks, is measured

02, which

by detcrmining the active oxygen loss (by either weight loss

or gas evolution techniques) over a 24-hour period at 212 F.
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In MIL-P-16005D the stability is expressed in percent AOL,
although most procedures essentially express stability as
(100-A0L) percent.

Special Compatibility Test Methods. A suggested procedure

(Ref. 4.25) for determining the compatibility of protective
clothing is performed on 4 by & inch clean test samples of
"as received" material. The H,0, is permitted to drop on the

272
cloth sample at a rate of 4 milliliters per minute for ~ 1 hour.

‘desults are evaluated by visual observation of any changes in

the material during this period. To simulate™soiled cloth,"
a swatch of the material is soaked in a 0.005 N KMnOh solution
for 30 seconds and dried at 230 F for 1 hour. The test is

then performed with the procedure used with the "as received"

material.

Sealing compounds are tested (Ref. 4.25) initially for impact

gensitivity while iumersed in H20 Qualified (nonimpact

o
sensitive) materials are then applied to the male threads of
a plug and a nipple, which are assembled into a coupling and
tightened with a torque wrench (using a 1200 in, 1b torque on

stainless-steel assemblies and a 600 in. 1b torque on aluminum

. O S W SO N W £ OF Vs
€T Urylng av Tiow vemperavial 101 &t 0

4]

to set the scaling compound, the assemblies &rc tested for
leakage by charging them with nitrogen and immersing them

in water. A maximum of 1200-psig nitrogen pressure is applied
to a stainless-steel assembly and 500-psig pressure is applied
to an aluminum assembly. The pressure at which leakage, if any,
occurs is noted. The torque required for disassembly should
be noted. The sealing compound may also be tested by coating
1~1/2 by 1/2 by 1/16 inch, clean, passivated metal strips

of 1060 aluminum and 316 stainless steel on one side. After
drying at room temperature for 24 hours, the strips are sub-
jected to the normal strip compatibility test described in
8ection 4.2,1.1

177




——

Protective coating materials are usually evalunted in accordance
with standard compatibility procedurca. The coating i3 applied
according to the manufacturers' specifications to standard
tesl strips and is tested as generally described in Scction
4.2.1.1. (It is important to differentiate between compat-
itiblity ol the coating material and the effectiveness or
covering ability of the coating on the base metal) The percent
AOL is determined, and visual observations of any physical
changes in the coating arc noted., Other variations of this
coating test involve filling a coated steel cup with H202,
inverting a second coated cup on top of the cup containing

the liquid, and maintaining two such sets at 86 and 150 F

for 1 year and 1 week, respectively. A final laboratory test
involves the half-filling of a coated 5-gallon container with
H202 and allowing the test container to stand at room tempera-
ture in the laboratory or in a controlled temperature room.
Containers with a 12-inch 1D and 12 inches high with a 2-inch
vented opcning in the top are recommended for a 12-month test
duration. Hydrogen peroxide concentration is determined
initially and Limonthly thereafter for both the cup teats and
the container test. Prior inspection of the coating for
blisters or pinholes should be made before the testis are

initiated.

A method for determining the compatibility of bladder materials
has been suggested in Ref. %4.28. In this procedure, the bladder
is immersed in concentrated HNO3 for 10 days at the maximum
potential application temperature (110 F, Ref. 4.28). At the
conclusion of the immeraion test, the bladder is removed and

the IINO, is evaporated to dryness. The "residue" is treated

3

with the test H202 at 140 F; acceptance of the bladder material
depends on the resultant nonreaction between the "residues"

and the test H202.
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Ilydrogen Peroxide Materials Compatibility Classifications.

The results of the various laboratory materiuls compatibility
evaluations and of application experience have shown that
materials can be classified into various categories based

on their contemplatced types of use in hydrogen peroxide serxvice.
All materials nced not be suitable for indefinite storage
because in applications requiring only short—time contact with
H202, matcrials of a lesser degree of compatibility can be em-
ployed. To facilitate sclection on this basis, materials have
been gencrally classified according to the types of applications

for which they arec suited.

A systiem of four classes has generally been adopted (Ref. 4.25,
4.29, and 4.35) for materials for hydrogen peroxide service.
These classes arc arbitrary bul they do provide & standard

for rating materianls compatibility with H202. These classes

are:

Class 1: Materials Satisfactory for Unrestricted Use with H202.

Such service includes long~time contact with the HQOG.

Typical use is for storage containers.

Class 2: Materials Satisfactory for Repeated Short-Time Contact

with "200- Such materials are used for transient con-
tact with the H202 prior to storage of the H202, or

limited contact with the H202 prior to use. Such
contact is not to exceed 4 hours at 72 C (160 F)
or 1 week at 22 C (70 F). Typical uses are for
valves and pumps in B0, transfer lines and feed

22
tanks.

Class 3: Materials Which Should be Used Only for Short-Time Contact

with H202. These materials should be used only where
neither a Class 1 nor Class 2 material would suffice.
These materials can be used for repeated contact, but

a single use period should not exceed 1 minute at
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160 F or 1 hour at 70 F. An example of a Class }
application is materials for usc in a flow system.
The hydrogen peroxide should be consumed in the
application or disposed of after the test because
contomination of hydrogen peroxide solutions with
Class 3 material is usually sufficient to render it
unsuitable for storage. Many Class 3 materials in-
dicatce satisfactory room temperaturc service; how-

ever, the material should be checked prior to use.

Class 4: Materials not Recommended for Use with "200' These

materials (i) cause exccessive decomposition of lI,,O2
cven on short-time contact, (2) ere attacked or ac~
teriorate on contact, (3) yield corrosion or deteri-
oriation products which cause excessive decomposition
of H202 on subscquent contact, or (4) form impact-

gensitive mixtures with concentrated H200.

Other Classifications: Clothing materials are classified as

"guitable" or "unsuitable". Within the classifica-
tion of "suitable," choices are made on the hasis
of resistance of the material to deterioration in

contact with the H202.

Test Bvaluation Criteria. An explanation of typical (Ref. 4.25)

criteria used to evaluate the materials compatibility tests
described in Section 4.2.1.1 (as well as results from appli-
cation experience), and to rate the results in the appropriate
classifications per Scction 4.2,1.2 is jillustrated in Table 4.3.
Because the illustrated classification system is general for
all types of materials of construction that may be used in
hydrogen peroxide storage and handling systems, and the class-
ification limits were sclected &rbitrarily, more precise
limits should he established for specific applications. The

application of the criteria of Table 4.3 to results from
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compatibility tests are usually subjected to the following
modifying considerations (Ref. 4.25):

1. If there is any doubt aw to whether a matcrial should
be in a given category, e.g., Class 1 or 2, the material

is placed in the lower category, e.g., No. 2.

2. If the results of practical experience are at variauce
with the results of laboratory tests, then the greater
weight is given to the practical experience in selecting

the clossification.

3. The main distinction between Class 2 end 3 is the
prasible effect on the stability of the H202. If
there is any doubt as to whether the stability might
be affected, the material is placed in Class 3. Slight
deterioration of the materials causing foreign matter
to entcr the H202 might cause decreased stability of

the H202.

4. Numerical limits for the various classes are approximate.
Class 1 materials would fall within rather nerrow lirits,
vwhile Class 2 materials have much broader limits. In
general, the higher the active oxygen loss for a
particular moterial, the lecss reproducible are the

resultis.

The AOL reported during H202 materials compatibility tests has
numerous meanings in the study of hydrogen peroxide solutions.
This report uses the expression "Active Oxygen Loss" (AOL) or
percent AOL as defined in the government procurement specifica-
tions for hydrogen peroxide; this definition may be simply ex-

plained by the following mathematical expression:

Percent AOL = 100 (}1202 w:ight loss during testing)/
initial H202 weight 3 0.470
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The weight loss is mcasured over a specific period of time
at a controlled (and known) temperature. The generally
accepted criteria for AOL v§‘§ompatibility rating are pre-~
senicd in Table &.3. i

Hydrogen peroxide stability, which is usually rcported as per-
cent stability, is the test used to determine the relative
homogencous decomposition reaction rate of hydrogen peroxide
solutions. As applied in the materials compatibility tests,
it is cssertially a measure of the degree of contamination

of the solution by the test material. This is determiaed by
esscntially measuring the AOL of the H202 during a 212 F ex-
posure for 24 hours. The stability is then expressed as
(100-A0L) percent.

Another rating criteria for 1,0, materials compatibility is
that of impact sensitivity. ii;uid and powdered materials,
including solids which might yicld finely divided particles
in service such as a carbon bearing ring, wust be evaluated
for possible sensitivity to impact when in intimate contact
with hydrogen peroxide solutions. This impact senaitivity is
determined by subjecting varying proportions of the material
and H,0, to the impact of a weight dropped from a opecificd
heigh;.h Illustrations of some impact sensitiviily results are
presented in Table 4.1%; however, no weight-distance data
were reported for many of the pusitive results. Because there
arc appreciable variaticns in impact results with various
machines, operators, and facilities, these data are noet quan-
itative, but simply indicate that under some conditions
scneitive situations #rc possible with the noted materials.
In some impact test procedures, a small amount of wetting
agent is added to the H,,O2 to simulate the intimate contact
which might be created gy mechanical load (such as might be
found in pump packings or bearings). This practice, however,
is not emploved consistently. Any material which is impact

sensitive when in contact with H,0, in any proportion is
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considered o Class 4 material. The criteria of impact acnsi-
tivity of & material in contact with the H202 is the incidence
of any positive detonation on the basis of a minimus of 10
trials. A mixture which gives negative results during the
initial 10 valid tests is tentatively considered to be non-—

impact sensitive unlesa later tests produce a positive result.

During tests of protective coating materials, special care is
necessary (and perhaps additional criteria are necessary) if
the test is to determine the compatibility of the coating
material and not its efficiecnny or covering power. Idcally,
coating materials should first be tested alonc or as coatings
on known Class 1 basc metals; after these tests are completed,
the materials should be tested as coatings on the particular
base metal contbmplated for end use in the composite assewbly.
Criteria (Ref. 4.25, 4.29 used in expressing the results of
coating tests will depend on the type of service contemplated;
the coating must yield the class of coumpatibility required

for the application and must continue to tightly adhere to

the metal during the standard compatibility tests., Exact
criterian for theue contin
but it is believed that the coating should show no blisters

or deterioration in contact with either the liquid phase or
vapor phase for a period of 1 year at 86 F or 1 week at 150 F
(or at the desired service temperature). Splash resistance
coatings to be used as protection for surfaces in H202 installa-
tions should not react violently with the H202 and . should

not blister during a period of 24 hours at room temperature.

Clothing materialas are normally classified (Ref. 4.25) accord-
ing to recommendations for their use. Criteria for such

classification are as follows;

First Choice: The material does not burn on immersion or

during drip tests in the "as received" or "soiled"
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condition; the material fibers are not appreciably weak-

encd after immersion for 1 month in H,0,.

L

Second Choice: The material docs not burn on immersion or

during drop tests in the "as received" stage; however,
the material may show some tendency toward burning in
the "sciled" state and its fibers may be significantly

weakened,

Not Suitable: The material either causcs excessive decowposi~-

tion of the H202, burns, dissolves, and/or disintegrates

in either the "as received" or "soiled" state.

Selection of materials for usc as joint sealing compounds with
H202 is based priwarily on the impact scnsitivity of the com-
pound with the appropriate concentration of hydrogen peroxide.
The impact tests should show no positive results with a 3
kg-meter impact at room temperature. Decomposition of the
H,0, in contact with the compound is of sccondary importance;
h;w;vcr, ihe compound must not act as a strong H202 decomposi-
tion catalyst and thv compound should not be a Class 4 material.
Thesce compounds should also show zero leakage during the tests
described in Section 4.,2.1.1.7.

4.2.2 Materials Compatibility

A large nuaber of lsboratory hydrogen peroxide materials
compatibility tests and the expcrience provided by a number

of years of H,0_ usage have resulted in a comprehensive know-
[

ledge of the ef%ects of certain materials on hydrogen peroxide.
These materials compatibility data are summarized in Tables
i.4 through 4.31a. Although the most extensive compilation

of materials compatibility data was taken from Ref. 4.25, the

most recent data are those of Ref. 4.10 through 4.18,
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In gencral, the compatibility deta reported in these tables
arc tests for usage with 90 w/o "002; but it has been found
that materials suitable for =90 w7o 1,0, scervice are usunlly
suitable for use with lower concentrati;ns. In a few in-
stances, materials that are unsuitable for 2 90 w/o 1,0,
service have been found suitable for service ot luw0r~c;nccu-
trations. llowever, it i1s uncertain as to whether materials
suitable for 90 w/o HQOQ gervice will be suitable for use in
higher concentrationat Thercerore, some compatibility data have
been generated (Ref. 4.9, 4.25, 4.29) on a sclected number of
materials with 98 w/o li,,O2 and are presented in Tobles N.h,
4.5, 4.8, 4.19, and a.;f. '

The results presented in these tables indicate that, in general,
the materials suitable for 90 w/o HQOn service are suitable for
98 w/o H,0,, service. Some plastics a;c attacked more severely
by the m;r; concentirated H,0,, solutions. With metals, 98 w/o
H202 generally showed less-a;tive oxygen loss than did 90 w/o
H202. This apparent greater stability of 98 w/o hydrozen
peroxide in the prescence of metals was feund to result in in--
crcasced storeage stability in the pure aluminum shipping drums

L arc used for all hydrogen peroxide shipments, The data

in Tables 4.4 through 4.18 are presented and classified accord-
ing to the criteria of Scction 4.2,1.2. Matcrials compatibility
presented in Tables l4a, and 4.19 through 4.3la are results of
studies conducted under special and specific conditions. These
results are presented only in terms of measured values and no
attempt has been made to classify the results to meet a specific

set of standards,

The results presented hercin are based on the conditions noted.
Different conditions (i.e., temperatures, pussivations, fabrica-
tion techniques, etc.) can result in significantly different
results. The data should be used as a basis for materials
egelaction; however, all systems after construction or fabrica-

tion should be tested for compatibility prior to actual use.
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The materials compatibility data presented in Toables 4.4
through 4.3la are summarized with respect to various types
of materials in Sections 4.2.2.1 through 4.2.2.10, and various

controtling effects in Sections 4.2,2.11 through 4.2.2.14,

Aluminum and Aluminum Alloys. The results of a large number

of compatibility tests of aluminum alloys with 90 and 98 w/o
ar¢ summarized in Tables 4.4, 4.20, 4,21, ond 4.31. These
resulte indicate that sceveral aluminum alleoys meet the stringent
requircments of Closs 1 materials. Of thesc, aluminum alloys
with low copper cortent su:h as 1060, 1160, 1200, 5254, and
5052 have shown excellent service. Minimum corrosion has been
experienced with 1060 alloy, and this alloy ie the one most
frequently used in storage containers., The higher strength
5254 and 5052 aluminum alloys have shown exccllent service

in shipping drums, tank trucks, and tank car fabrication
materials. The 5254 alloy, in various grades of temper, has

been used successfully in scveral missile applications.

Aluminum 1010 has been used extensively for standard piping
despite its low tensile strength and ultimate yvield, Where
pressures may be involved which are too great for standard
pipe, the use of schedule 90 pipe of 1060 aluminum is recom
mended. Alternate choices of piping materiel are 5254 and

5652 aluminum,

Other aluminum alloys with low copper content, such as 6061
and 0003, have shown Class 2 compatibility. The high strength
structural alloys such as 2014, 2017, and 202% are unsuitable
for service with 11,0, because of corrosion and a high rate of

272
decomposition of the n202 in contact with them.

Aluminum casting alloys 43 and 356 have been employed success-
fully for pump and valve bodics for many ycars although some

corrosion generally does occur. The low copper casting alloy

186



2.2.2

B-350 Lhas indicated Closs 1 compatibility during laboratory
tests with 1,0, aud satisfactory scrvice experience hus re-

sulted with various H,0, concentrations.
ay

Some testing has been conducted on hard-coat aluminum. The
laboratory resuits from tests of 10—, 20—, and 30-minute
penctration on aluminum alloy 600! indicated Class 3 cumpat-
ibility with HﬁU

oVo*

r9

Use experience is very liwited, but it
may be desirable to epply hara-coat aluminum in place of 3060
scrics stainless steel in cquipment that is fabricated pre-
deminantly of aluminuw., Experience is necded to determine
the resistance of hard-coat aluminum to corrosion in service

with intermittent wetting,

Most cases of alumicum corrosion in H2 » 8Yatems result in
localized pitting (cell effect) becauueﬁof the presence of
foreign materials, and hydrated aluminum oxide forwed during
wetting and drying cycles. The presence of chloride ion in
hydrogen peroxide results in aluminum pitting; however, if

a 7:1 ratio of nitrate ion to chloride ion is present, almost
complete elimination of corrosive action is obtained (Ref.

IhH
22

Yo

. Therefore, the nitrals ion is added to H,0, to counter-
L]

)
- 4
act the possibility of chloridc damage to aluminum.

Stainless-Stcel Alloys. The compatibility of stainless-steecl
alloys with 90 and 98 v/o H2Lo is presented in Tables 4.5,
4.19, 4.22, L.23, 4.24, 4,25, 4,31 and &.3la. Although there

are wo Class 1 stoinless steels, several Class 2 stainless-

stecl alloys ere known. In general, the wrought or forged
AISI 300 serics stainless-steel alloys with proper passivation
are nuitable for Class 2 service with hydrogen peroxide. Cast
stainless steel is generally umsatisfactory for H202 service

unless special casting techniques are followed.

107



It hoe been reported that seme formwulae of the type 303 free
machining alloy are not suitable for use with I,0,. Therefore,
prior to use of this alloey, it is suggested thn;.; somple of
the lot to be used be evaluated for computibility with the
pertinent "202 grade,

Cryogenically prestrained 301 sucinless steel offers ligh
yield (QUU,OUU psi) strength and a 280,000 tensile strength.
The test data in Tuble 4.5 reveal that this treatment resulis
in a matceriol thot bes o border) ine Closs 1/Class 2 compati-
bility with 90 or 98 w/o 1L,0,.
Eapericnce with usce of the wrought 300 sceries stuinless steol
for scamless tubing, mcamless pipe, fabricated equipuent for
piping systems, pad welded tanks has been eziisfactory. The
use of 300 mscrics stainicss steel ia recomuended for high-
pressure flow sysiems and applications whore the presviice of
aluminum oxide, which is difficult i¢ aveid in HQOQ handled

in aluminum, cannot be tolerated.

Usuelly hydrogen peroxide test ianks have Leen fabricated

¢f 347 asiainlcse steel which containe niobium (columbium)

as a welding stnbilizer. More tha: 15 years of satisfactory
scivice have been schieved at IMC with these tanks in the
handliug of 90 and 96 w/o H,0,. Although 321 stainlcss steel
has been used in aome ey&te;a: the titanium welding stabilizers
have a slight catualytic effect upon the H202. The extra-low
carbou 304 stainless steel has been shown to be an excellent
B202 tank wmateriel. Thie waterial demonstrates good cowpat-

ibility with H202 et room and elcvated temperaturcs.
An extensive amount of testing has been conducted on

precipitaticn-hardening stainless-steel alloys such as AM-350
and 17-7 Pl alloys. The AM-350 material has given excellent

188




service in flight vehicles; however, the material hardness
wust be less then 42 He (Rockwel) Hardoess Scale €), or there
is an increase in H,0, decomposition and development of metal

-~ .~

rusting. The '~ 7 Pl materinl has proved very successful

with 70 w/o 1,0, and moderately successful with Y0 w/o 1,0,
however, & mpecial paesivation treatment (Ref. 4.31) ie ;c:
quired to achieve a Closs 2 rating for this material.  Surface
finishing of the sample with 120-grit abeasive compound was
found to be effective in juwproving thie compatibility of this

alloy.

The AISI 400 serice stainless stecels, whether aurcaled or

in the heat-treated form, 40 to 98 Rc, will rust if the surface
finish is greater than 10 rms. This type of corrovsion phenomenon
indicates that it ie necessary teo exomine samples from cowmpat-
ibility tests after the actual test has been completed. It

is suggested that this cexamination should be made at 24-hour

and l-weck intervals of exposurc to air after the sowple is
dried. It has been found that imwersion of a sample in dis-
tilled waler for 24 hours following the compatibility test

will tend to induce this type of stainless-slceel currosion,

Iun general, stainless stcels suitable for H, 0, scrvice, i.c.,
AlISI 300 scrica and precipitatiou-hardeninghafloys. are non-
magnetic or only weakly magnetic. Therefore, any metals thet
are magnetic should be suspected of incompatibility with H202.
Yor exawple, iron, mild steel, and AISI 400 scrics stainless
steels arce magnetic and are not suitable for H202 scrvice.
Any unknown material that is magnetic is of qucstionable con-

patibility with N,0, until completely tested.
It has been determined experimentally that, in general, the

sooother the waterial finish of H,0, system components, the

better the cowpatibility, Finishes should not exceed 32 rms,
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and should be smoother if possible. This is capecially im-
portant in stainlces-steel storuge and hondling systems; o

rough apot in a tank, for example, will cause 0, decompos-

ition. This condition can be avoided with proper desipn and

2

systewm fabrication. 1In addition, it hos VLeen noted (Ref. 4.32)
that etainlesa-stcel alloys require clecaning and repassivation
after extended service in N0, tou limit the gradual buildup

of decompesition activity.

5.2,2.3 Purc Metals and Other Metal Alloys. The compatibility of pure

metals and various other metal olloys with 90 w/n hydrogen
peroxide is presented in Tables 4.0 and 4.7,respectively.

Many wetale other than the alvminum and stainless-steel alloys
have been evaluated, but few have been found suitable for I,0,
acrvice, Silicon, tantalum, tin, and zirconium are cxccpti;n;.
0f these, tin hias Leen utilized to the greatest extent, i.c.,

for gaskets and as a sclder for stainless steel.

Mosi{ other wetallic clements exhibit catalytic action in con-
tact with 11,0,,. Thise is especially true of silver, leed,
cobalt, nnd-p;ntinum. Iron oxide causes rapid catalytic
decomposition of H20”. Titanium and zinc are sceverely attacked
by the H202. )

A few alloys have shown suitability for Class 3 scervice cnd
wight, with other passivation techuniques, be made suitable

for Closs 2 scrvice; however, additional research would be re-
quired in this arca. Unfortunately, none of the extreme hard-
ness metals tested have shown suitability for even Class 3
scrvice, except the 10 rws finish 440C stainlcss steel (50 to
58 Rc) and hard-bLearing chrome plating (58 to 70 Rc). )
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Plagtica and Rubber Compounds. An eacollent summary of the

reaults of compatibility tests with various ploatic and
rubber compounds, prescinted in Tables 4.8 through 4.12 and

&.20 through 4.30, wvas presented in Ref. 4,25, decause plastics

and rubber compounds are organic in noture, the compatibility

with hydrogen peroxide varies considerably, Diven those materiols

which have shown excellent compatibility with 90 w/o 11,,0,,,

both in the laborutory and in use, may be auspect when new
conditions arc metl which have not been encountered ov simulated
previously., Conditions which may lcad to reaction between a
plastic material and Y arce cxtrewely varied and difficult

D n

-

to predict or to evaluate in the laboratory. However, the
following cne genceralizoation must elways bLe considered:

the combination of high-strength hydrogen peroaide, organic
materials, and heat trom cither an external source or frow

I,,0,, decomposition may lead to an explosive reaction.
=

The compatibility of plastics oftep is not Getermined Ly the
chemical nature or composition of the polywer itself but is
determined by the impurities present in it Contusination

of molding wmoterials during hondling ard storage with dirt,
dust, and other organic matcrials as well as inclusion of
metal clhips or granules can cause noticeable decompousition
recactions. A surface speck of foreign material originating
in the mold may initiate a rcaction with hydrogen peroxide
with sufficient heat release to initiate reactions with the
polymer. Laminated plastics or compression molded materials
which contain minute pores or air pockets may be incompatible
because of the accumulation of organic waterial in these voids.
This is usuelly the result of some cleaning or riunsing proccss

involving organic materials.

For these reasons, there moy be differences in the compatibility

of plastics from different manufacturers and even lot-to-lot

variations in a given polymer material from the same wanuflactuser.

Lot~to-lot variations are usually much leas noticeable than
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differences coaused by various processing and handling tech-
piques.  Cowpatibility of plastic and other polymeric or
composite muterials arc therefore usually associnted with «

manufacturer’s name.

Clean polyethylene has been safely utiiized during laboratory
work, and polyethylene hus proved to be a satisfactory mate-
rial for use with 27.5 through 50 w/o 11,0

MM
-~ o

However,
polyethylene at its welting temperaturc has ignited on con-
tact with concentrated hydrogen peroxide and is therefore not
recomsended for concentrations in excess of 70 w/o H20".

Al though no information has been obtained, thise possib;lity
should also be considered in the uee of other combustible
polymers for service at tcemperatures approaching their melt-

ing point or thermal decomposition temperature,

lligh-temperature service materials such as Kel-i' and Teflon
have not demonstirated any indication ¢f reaction with hydrogen
peroxide over the entlire coucentralion range at ambient tewmp-
erature conditions. Thesc matceriales were alsov found to be
compatible with YU w/o H202 up to 270 ¥F. There is no krown

regacn to av 1wing thoge materia

Teav oL

Yot
»
[

o

n any H U_ aervice
- -I>) !)
LA

f
d

where the 1,0, will remain below its nurmal atmospheric boil-
ing poiunt, -However, mixtures of these materials with other
wulerials must always bLe cvaluated becausce reactions are
varied and the compatibility of any added ingredient must
alwuys be considered. Glass-filled Teflon is acceptable,
carbon-filled Teflon may be acceptable, and asbestos-filled-
Teflon is not scceptable. Kel-F, Aclar, and "virgin" Teflon
arc the most compatible plastic material. at high operating
tewperatures and should be utilized wherever the physical
properties are suitable., It is especially reconamended that
these materials, which have exceptionally low coefficients

of friction, be applied in H202 service as dynamic bearings
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and seals without lubricants wherever posgible because of the
lim.tations of the availoble lubricants. Special high-pressure,
2-hour compatibility tests at 132 C (270 F) and 1000 psig with
90 w/o H202 demonstrated that Teflon and Kel-F are not ad-
versely affected. The AOL for these 2-hour periods is com-
parable to the percent ACL experienced at 66 C (151 F) in

7 days. Filled plastics such as Kel-F elastomers, 9711

Silicone, and Vitons show swelling at the high test temperatures,

Kel-F elastomeric compounds are generally inferior to Kel-F
itself in compatibility with HQOQ, and most of these materials

tested have met the Class 2 criteria,

Aclar, Mylar, and Dacron plastics have demonstrated excellent
compatibility with H202 in the laboratory, Dacron has been
used fairly extensively as cloth for protective clothing and
reinforcement of other plastics which contact H202. Mylar
film has been used very little because it does not heat seal,
and a compatible adhesive has not been found. Aclar is heat
sealable and is being used in some applications. Use of these
materials, particularly Aclar 33C film, as bag liners for

storage contiainers is currenily under study (Ref. 4.9).

There are many plastic materials that break down upon extended
exposure (> 7 days) to 90 and 98 w/o Hy0, at elevated temper-
atures (151 to 165 F) but exhibit no effect upon 24-hour
exposure. The majority of Viton A, Viton B, Fluorcl 2141,

and Fluorel 4121 compounds show this effect. However, most
service applications are at ambient temperature conditions

10 to 50 C {50 to 120 F) and these same plastics and rubbers

demonstrate excellent service at these temperatures.
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Viton A and Fluorel materials demonstrate Class 1 ratings in
10 to 49 C (50 to 120 F) service. Viton A 271-7, produced
by Parker lHanncfin Corporation, has demonstrated excelleut
service as O-rings in 90 and 98 w/o H202 solenoid QuIVes and
for component seals. Seuls Lestern Corporation's Fluorel 214l
and Fluorel 4121 O-rings, scals, and bladders have proved
satisfactory in the moderate temperature range. David Clark
Company's Omni (Viton A) has proved useful as O-rings and
when used to impregnate glass or Teflon cloth, produces a
material which is satisfactory for use as an li’202 splash
cloth or curtain (Table 4.8).

Polyvinylchlcride-based materials vary in their reaction with
H202 because of the plasticizer content and because other
additives such as fillers and pigments are used. It is gen-
erally true that such additives reduce the compatibility of
the compound with H,0,. Koroseal 700 (wolded) has been ex-
tensively used as a gasketing waterial in low-pressure service.
The formula for this material was developed specifically for
H202 service. Koroseal 116 and 117 (molded) are both inferior
to Koroseal 700 (molded) for H,0, service. Calendered Koroseal
is unsuitable because the H202 penetrates into the sheet and
develops gas pockets which separate the layers of material.
Calendered materials which do not exhi%it <his condition can
only be fabricated of materials which are absolutely imperume-
able to H202.

Polyvinylchloride plastics are generally permeated by 90 w/o

BQ02‘ This has been determined for both molded and plastisol
types of polyvinylchloride. The absorption of H202 is indic~
ated by the fact that the materials which are generally clear
or translucent turn an opaque white after a period of contact

with the I{,0,. The polyvinylchloride material containing

194



absorbed ll202 may be shock sensitive although no adverse
experience of this nature has ever been encowitered. Polyvinyl-
chloride plastica will also leach chloridg ion into the H2O2
which will cause corrosion of aluminum even when present in

minute quantities,

Silicone rubber elastomers also vary considerably in compati-
bility with hydrogen peroxide because of the use of pigments
and fillers in some¢ compounds. However, there are a number of
these compounds, mostly unpigmented, which indicated Class 2
compatibility with u202. N{f these, Silastic 9711 has demon-
strated the most satisfactory compatibility with 90 w/o H,0,,.
Silascic 9711 is used in various applications as an O-ring,
gasket, hose, and bladder material. Although silicone rub-
bers are not subject to heat sealing, welding techniques have
been developed and Silastic 9711 welded with Silastic 2200
indicated satisfactory compatibility with H202.

The compatibility of several possible bladder waterials is
reported in Tables 4.26 through 4.28. Compatibility tests
of 90 w/o H202 at 110 F for 10 days with “ilastic 9711
(surgical grade), Fluorel 2141, and Aclar 22C (Ref. 4.17)
revealed Aclar to be the most compatible material. A similar
study involved the use of Vicome 185, alone and as part of

8 composjte structure with alwinum in addition to the pre-
ceding materials. Vicone 185 was not quite as satisfactory
a8 Aclar in the pure state. In the composite structures,
Vicone 185 with aluminum exhibited the highest decomposition
rate while Fluorel with aluminum exhibited the most stable
combination. Following compatibility tests conducted at

160 F, botk Silastic and Fluorel were badly blistered (RHef.
4.12 and 4.15 through 4.17). These results are in slight
conflict with Itef. 4.25 which reported the wost compatible
bladder material readily available for 90 w/o Hé02 is Norxtih
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American Aviation's Vicone 185 (Table 4.20). Other satis-
factory bladders are the D. F. Goodrich Company's 9711 high
purity silicone material, and duPont's thin filw I'EP Teflon
(heat sealed). Thcre are otuer materials that show promiae

as bladder materials, such as Viton A and D.

Some adhesive agents for bonding silicone rubber Silastic

9711 to aluminum 0001 were evaluated in the form of finished
washers. Chemloc 607 appeared to be most suitable and DCA
4094 is only slightly inferior to it., With the adhesive
present, compatibility results werc reported to be poorer than
would be expected for the silicone rubber and aluminum alone;

however, a control test was not run for comparison.

Silicone rubbers that indicate Class 2 results for H,0, service
are considered to be superior to polyvinylchloride m;u;rials
because the possibility of chloride leaching is eliminated

and,; in general, the flexibility of silicone rubbers varies
wmuch less over a wide temperature range. Permeability studies
of silicone rubber to H202 indicate slow seepage and layer
separation hecause of oxygen evolution in the pores. Decause
of the permeability of silicone rubber to hydrogen peroxide,
prolonged contact even at atmospheric pressure may make the
silicone rubber susceptible to rapid oxidaticn should a flame

be encountered.

Most of tue plastic materials discussed can be utilized as
gaskets in the proper type of flanges. However, there are

two reinforced Teflon gaskeiing materials which have exhibited
satisfactory compatibility, and should find application.
Korda-flex, a Teflon-coated glass fabric, has indicated

Class 1 results and Durcid 5600 yielded Class 2 results.
Actual use experience has not yet been gained with either

of these materials,
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Several tests have bLeen made of built-up diaphragms, usually
a plastic and cloth sandwich type construction using Dacron
or glass fabric. The compatibility of these diaph.agms with
90 w/o 1,0, has been satisfactory when using Omni (Viton A)
impregnated glass, Teflon, or Dacron cloth, Polyethylene
and Kel-F sheet diaphragms have been utilized successfully
in pressure tranaducers with water on the pressure gage side.
Stainless-steel diaphragms have also been utilized satisfac-
torily. In designing equipment for H202 service, it is best
to avoid diaphragms if possible. If a diaphragm must be
used, there should be adequate testing of diaphragm materials
with H202 before the materials for its construction are

chosen.

Porous Materials. The results of compatibility tests of

90 w/o hydrogén peroxide with porous materials, prcsented

in Table 4,13, are summarized in Ref. 4.25. 1In thie summary,
it was indicated that porous materials are generally of in-
terest for use in the filtration of hydrogen peroxide to

collect any solid foreign material which accidentally enters
han

n
v

5 +
inte t o
L4

c 52 . Whereas a4 minor amount of catalytic dirt
might be tolerated in a large tank of H202, collection of
this dirt on a filter in a relatively small quantity of H202
could cause considerable Jecomposition. Therefore, care
must be exercised to keep the use of filters to a minimum
and to select filtering wedia that will not readily react
with decomposing 8202. Therefore, for concentrations of
HC, above 50 w/0, low melting materials such as Dacron are

not recommended for filter elements (Ref, 4.25).

Some porous porcelain bacteriological filters have exhibited
good serive in H202 power system refueling operations, Tests
indicate that porous Teflou and Kel-F may be suitabla for use

ap filter media.
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4.2.2.6

Stainless-sicel filters fabricated of wire, either wrapped

or woven, yield Class 2 or 3 results. When using these mate-
rials for filter elements, welding should be kept to a
minimum., Filters made of 310 stainless steel have been used
succeasfully in various H202 operations, such as fueling
operatioas invelving flight vehicles. Porous stainless-stecl
elements formed by sintering powdered metal have not proved
satisfactory for H202 service,

Filtros C has been used extensively for filtering sll concen-

trations of ll202 anG for filters on storage and shipping tank

vents, but it is rragile and difficult to back-wash. Replace-
ment of this material for both uses is being investigated.

It is not recommnended for power-system use.

When using filters for I,0,, service, it is important to keep
them clean and to examin: ;hem frequently. When dirt on a
filter is allowed to dry, oxidatiun msy occur which may cause
increased catalytic action, Therefore, it is a good policy
to flush a filter before use, and to back-wash an H202 filter

jumediately after use with distilled or clean water.

Lubricants. The compatibility of various lubricants (Ref.

4.25 and &.33) with 90 w/o ll202 is pr sented in Tables 4.14

and 4.14a. The test results indicate that only the fluorinated
hydrocarbous are sufficiently compatible with 90 w/o H202 to

be considered. Even these materials can probably react with
the 90 w, ¢ B0, if there is sufficient force or heat applied

to the mixture, However, the use of fluorinated hydrocarbons
has been satisfactory in transfer pump packing glands in use

with 300 series stainless-steel shafts.
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The prsent fluorinated hydrocarbone do not possess good
lubricating qualities, and their viscosities vary widely with
temperature. Some lubricity additives were evaluated sev-
eral years ago, but nono was completely satisfactory because
of the difficulty of attaining stable emulsions, In addition,
use of fluorinated hydrocarbons as lubricants for aluminum
threads or in conjunctior with aluminum with a high surface
area in applications where Leatl may be created (which is a
natural condition in all applications requiring lubricants)
may lead to detonating reactions without any H202 present,
Two instances of such an occurrence, one during a thread cut-
ting on aluminum pipe using Fluoroiube as a cutting lubricant
and the other when fluorinated hydrocarbon was used as a
thrcad compound on the aluminum head bolts of a decowmposition
chamber, have been reported. This reaction was rcproduced

in the laboratory by dropping a fluorinated hydrocarbon on
heated aluminum in powder foim.

There also is some indication that presence of a fluorinited
hydrocarbon in intimate contact with an organic materia and
90 w/o HQOO may cause increased sensitivity. Although this
phenomenonuhae not been adequately evaluated, it appears that
the use of fluorinated hydrocarbons in conjunction with or-
ganic materials in concentrated H202 service should be avoided
unless the specific system to be used has been adequately
tested. The best practice if possible, is to eliminate the

need for lubricants.

In evaluating lubricants for H’202 service, the results of

the impact test are of greatest significance, llowever, there
is no standard impact tester, and the reproducibility of most
testers is marginal. The wmodified Bureau of Mines Impact
Tester used for the reaults reported in Table 4.1%4 is simple

to use and has been proved to be generally reliable; but it
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ie subject to variations in results with different operators,
and the coundition of the anvil plunger or weight is another
variable. Despite the practice of regular calibration of the
tester with a "known" mixture of ethyl alcohol and %0 w/o
H202 in equal-volume propcrtions, poor reproducibility has
been experieunced, Because of this situation, it is thought
that any positive detonation should be sufficient to place

a lubricant in Class &4 for H202 service., Thus, even though

a lubricant or grease may pass all tests with negative re-
sults and then give a positive result during a later check

test, it will be classed as unsuitable for H,0, service.

Pump packing lubrication is one problem which can be over-
come by the use of mechanical scals which require no lubri-
cation. Seals fabricated of 300 series stainless steel
with ceramic and glass-filled Teflon mating surfaces and
cooled with the liquid H202 being pumped have been success-
fully applied to centrifugal transfer pumps for several

years.

4.2.2.7 Ceramic and Refractory Materials. A summation of the re-

sults of ccmpatibility tests of 90 w/o hydrogen peroxide
with ceramic and refractory materials, which are presented
in Table 4.10, has been taken from Ref. 4.25. Testing of
materials in vhis category has been limited because applica-
tions are often limited by fragileness where shock impact
may be experienced. Most of these materials have been con-
sidered for applications where hardness is important or as
filter elements contained in a stainless-steel housing.
Coors Ceramic AB-2 has been utilized succesafully in con-
Junction with glass-filled Teflon for mechanical seals on
H202 transfer pumps, which use H202 as a coolant for the
seal, Coors Ceramic AB-2 and AI-200 have been utilized for

plunger pump parts, but no experience has been obtained with
0
oo
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4.2.2.8

Selas porous porcelain microbiological filters have shown
satisfactory service with Y0 w/o and 98 w/o 1,0, aud may be

used to filter high-strength H.0,. .

2
Aluminum oxide coating materials were evaluated and found to
be unsatisfactory. The poor results may be due to the method

of coating, added agents, or the roughness of the coatiag.

Laboratory glassware is used extensively for carrying out
compatibility and stability tests as well as general lab-
oratory handling. Pyrex glass is superior to soft glass
and is used extensively as piping in the H262 manufacturing
facilities. Glass linings have been evaluated to a limited
extent; the more common glass used for lining contains
cobalt, which demonstrates poor compatibility with H202.
Some glass formulas do, however, show excellent compati-
bility with H202, but there is no usc experience available
with theswe linings,

Synthetic sapphire has not been appi@ed extensively despite
its excellent compatibility with HQO;: Rotameter floats
are probably the only present appl;c;tion.

Protective Coating Materials. The compatibility of protec-

tive coatings (Ref. 2.25 and 4.29) with 90 w/o Hy0, is pre-
sented in Table 4.17. Protective coatings are not recom-
mended forvH202 storage tank service, but may be of value
for special purpose tanks and to protect incompatible ma-
terials from H202 splash, Of the protective coatings evalu-
ated for service with 90 w/o H,0,, only Teflon, Kel-F, and
hot air-sprayed polyethylene have indicated suitability for
more than splash contact at temperatures to 71 C (160 F) for
Teflon and Kel-F, and temperatures of 49 C (120 F) for poly-
ehtylene; however, there has been no experience with such

coatings in actual service. The application of such coatings
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&.2.2.9

or painis is recommended for surfuces of materials subject
to corrosion. Prevention of rust in “200 handling and stor-
age arcas is a mafetly measurc because the possibility of

contaninating the u202 is reduced.

Kanegin-coated (electroless nickel) mild steel has shown
good compatibility with 90 w/o H,0,. Tin-plating, followed
by a heat treatment at 215 € (420 F) to scal the pores, has
proved to be an effective coating for ll202 service.

It is believed that protective liners may be used to ad-
vantage in H202 service for prevention of corrxesion of
aluminum surfaces and for special cases of high-pressure
feed tanks to allow fabrication from metals which possess
high strength-to-weight ratios but are not sufficiently

compatible with the H,0,, to allow a practical helding time.

In general, platings, such as tinplate, strip off when ex-
posed to 0 w/o H, 0, unless special precautions are taken

Lo prevent this. ‘Appnrently, the H202 seeps through pin-
holes in the plate or under the edge and then decomposcs
when it contacts the uandersurface, liberating oxygen gas.
The gas theu forme a blister which eventually breaks and

allows more H202 to contact the undersurface.

Protective Clothing Materials. The results of compatibility

tests of protective clothing materials with 90 w/o hydrogen
peroxide, summarized in Tables 4.18 and 418a, are discussed
in Ref. 4.25. The study of materials for protective clothing
was directed primarily at finding materials which would not
iguite if 90 w/o H202 was spilled on them when they were
soiled with catalytic dirt. The chief hazard encountered

vhen concentrated hydrogen peroxide is accidentally splashed
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on a worker ie the possibility that the worker's clothing
will ignite. The materials werc also evaluated for resistauce
to deterioration by the action of conceutrated hydrogen

peroxide.

As a rcsult of this study, it was found that in both the
clean and soiled condition,'"virgin'Dacron in all forms,
Saran-monofilament, and 55 percent Docron-45 percent woul
cloth resisted ignition, Dyunel and Saran stable fiber re-
sisted ignition in the cleau condition and ignited only

with difficulty when soiled. Dacron was unaffected by 90 w/o
H202. and Dacron-wool and Dynel were only alight detiorated.
It must be noted that some trected and dyed Dacrous in the

“"soiled" condition will ignite with 90 w/o H 0,, and all

2
samples must be tested before use.

Based on this etudy, sources were developed for permeable
and impermeable clothing; a recommended protective clothing
anc necessary accessories list for u202 handling is pre-
sented in Section v.4. This list includes safety clothing
and equipment such as goggies, gloves, aprons, and shoe
coverings which are made from plastics or rubbers acceptable
for the purpose. Dacron and Dynel work clothing have been

utilized to a considerable extent with satisfactory service.

It must be pointed out that even protective clothing MUST
BE KEPT CLEAN and particularly free of ordinary greases and
catalysts such as potassium permanganate. Grease-soiled
samples of Dacron, Dynel, and 55 percwt Dacron-45 percent
wool fabrics have been found to ifnite and burn vigorously
when wetted with 90 w/o H202.

Dynel fabrics, special techniques must be employed because

When laundering or cleaniug

of Dynel's low softening and embrittling points. Dacrun may
be laundered without special precautions. Thus, Dacron is
preferred for this reason in addition to ics better resistance
to the H202.

203



k.2.2.10

4.2.2.11

Joint Sealing Compounds. The results of physical and chemi-

cal tewts of joiut scaling compounds with 9 w/u hydrogen
peroxide are summarized iu Ref. 4.25 and Table &.15. Most
commerical pipe joint scaling compounds vere found to be
unsuitable for high-strength hydrogen peroxide service. 1In
systems for coucentratious of less than 52 w/o H202, Aviation
Grade Permatex Nu. 3 and equivalent have been used satisfac-
torily. There are two thread compounds that have shown good

service in 52 througn 98 w/o H,0, systems. These ave T Film,

)
a Teflon water-disp~rsion paste ;or small pipe threads and
Teflon tape for J/k- through 4-inch-size pipe thread. Fluori-
nated hydrocarbon-based materials react violently with hot
powdered aluminum. Therefore, these compounds must not be

used on hot aluminum threads and must never be used as a

thread cutting lubricant.

Applications of even the approved joint sealing compounds

to threads for an u202 flow sysiem muat be made so that no
compound will enter the system. The compound should be usced
sparingly; enly on the male part and ngt on the first wu
threads. Thus, the surplus amount will press out of the
threads, not into the systemi. Pipe threads shovld be avoided
in 5202 systems; flanges and }7-degree flare conmections are

recommended.

Temperature Y.fects. The effect of high tewperatures, in

the 212 to 2,0 F region, on materials compatibility with
98 w/o Hy0, is shown in Table 4.19. This effect is of por-
ticular intere.t in selection of materials for use in H 0O

272
regeneratively couvled thrust chasbers (Kef. 4.29).

The effect of high-temperature storage conditions (151 F) on
materials compatibilities vith 8202 is shown in Tables 4.21,
4.22, and &4.2% tbrough 4.30. The appropriete references to

this work are given in each of the corresponding tadbles.
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.2,2.12 Evaluation of iassivation or Surface Preparation Techniques.
Laboratory testa (Ref. 4.13) have been conducted to: (1)

determine the effectiveness of selected passivation methods

upon 321 stainless steel, 6061-T6 aluminum (bare and ancdized),
and Silastic 9711, (2) determine the influence of cyclic ex-
posure of passivated surfaces to hydrogen peroxide; and (3)
investigate the effects of various storage conditions upen
passivity of materials used in hydrogen peroxide service.

The passivation methods employed in these studies are given

in the following references:

CVA-10-62a (Ref. 4.34)

NAA LA 0110-003 (Ref. %.35)
Walter Kidde 520007 (Ref. 4.36)
FMC Bulletin 104 (Ref. 4.25)
McDonnell A/C 13002 (Ref. 4.37)
LTV 308 - 20-3 (Ref. 4.38)

CVA 10-64a (Ref. 4.39)
The results of these tests are given in Tables 4.21, 4. 24,
and 4.27.

The preferred passivation method for 321 stainless steel was
found to be CVA 10-v2a with posttreatment with 35 w/o com-
mercial hydrogen peroxide. For 6061-T6 aluminum (bare and
anodized), the best passivation technique was according to
North American Aviation Specification LA-0110-003. All
passivation methods investigated were found to give aboup,,{
the same results with Silastic 9711. The ease in passiva-
tion of all materials was found to impreve with each exposure
to concentrated hydrogen perc :ide. Envircnmental exposure
tests revealed that 321 stainless steel can be stored best

in clean air with relative humidities up to )00 percent;
anodized 6061-T6 aluminum remaine more passive in a dry
nitrogen atmosphere. Silastic 9711 appears to retain its

passivation best in a relative humidity of 100 percent.
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4.2.2.13

The loss of oxygen in 90 w/o H202 solutions in contact with
316L and 321 annealed stainless-steel tubing for 3, 5, 7, and
10 days at a constant temperature of 110 F was determined as
a function of twe different passivation techniques. One-half
of the tubing specimens was passivated by CVA Specification
10-62a with a postitreatment of 35 w/o hydrogen peroxide in-
hibited with a 0.03-percent 33P04 solution; the other half
was passivated by Walter Kidde Co. Specificatien No:- 520007,
The stability of the H202

each test. 1In general, 321 stainless steel produced less

solution was also determined after

hydrogen peroxide decomposition than the 316L material. The
best passivation method, as indicated by the AOL results for
both the 316L and the 321 stainless, was found to be CVA
Specificaticn 10-62a plus posttreatment (Ref. 4.18). These
data are summarized in Tables 4.23 and 4.24.

In another atudy (Ref. 4.9), the effect of surface treatment
on the compatibility of various materials was determined and
expressed in heterogemeous reaction rates (k2), as shown in
Tables 4.31 and &.31a.

Effect of Surface Finish. The effect of surface finish on

materials compatibility with H202, summarized in Ref. 4,14,
is shown in Tables 4.21 through 4.25. Five different sur-
face finishes applied to 304 stainless steel and aluminum
alloy 6061-T6 (both bare and anodized) were ev~luated in
contact with 90 w/o hydregen peroxide to determine the in-
fluence of surface finish on the stability of the peroxide.
The stainless-steel specimens were passivated according to
CVA Specification 10-62a with posttreatment in 35 w/o in-
hibited (0.03 percent H3P0k) hydrogen peroxide. The aluminum
specimens were passivated according to Norih American Speci-
fication LA 0110-003. Although inconsistent correlations
were obtained between the surface finish and AOL with the

304 stainless steel and the bare 6061-T6 aluminum specimens,
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4.2,2.14

the active oxygen loss resulting from the anodized aluminum
in contact with the hydregen peroxide indicated an increase
in AOL values with surface roughness. (Surface roughness
may simply be considered as a surface area factor; the
rougher the surface the higher the actual surface area com-
pared to the apparent surface obtained through mcasurements

of the linear dimensions of the sanmple.)

This investigation has strongly indicated (Ref. 4.14) that
the Industry Standard AOL test is not an adequate‘tool for

~highly selective screening of materials for hydrogen peroxide

service, The AOL test is considered insufficiently sensitive
to the detection (with any degree of accuracy) of the cata-
lytic decomposition influence exhibited by small variations
in surface roughness or materials in contact with concen-

trated hydrogen peroxide.

Effects of Dissimilar Metals. The results of an experimental

investigation of dissimilar metal couples compatibility in
H,0, (Ref. 4.11) are shown in Table 4.30. In this study,
the decomposition rate of 9 w/o hydrogen peroxide was meas-
ured with the following couples: 1060 Al + 6061-T6 Al;
6061-T6 Al + 321 stainless steel; 6061-T6 Al + 316L stainless
steel; 321 stainless steel + 310l stainless steel. The AOL
and H202 stability was determined during an exposure of

10 days at 110 F and 7 daye &i 15! F. The tests at 110 F
revealed no significant infivence of the disaimilar metal
upon the hydrogen peroxide; however, the 151 F test revealed
that the catalytic decowposition nf th: hydrogen peroxide
was greater for the dissimilar metal couples than for cither

N

of the single-metal alloys.
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‘-3

h.3.1

MATERIALS TREATMENT AND PASSIVATION
General

All moterial surfaces that come in contact with propellant-
grad : hydrogen peroxide must be specially cleaned and treated
prior to their use to minimize hydrogen peroxide decomposition
and material corrosion. The general terminology applied to
this process, which is designed to provide an inactive sur-
face and eliwinate polential contaminaiion sites, is passi-
vation, This section provides a detailed outline of the
passivation procedures normally used for materials in hydrogen

peroxide service.

The passivation procedure essentially consists of three pri-
mary steps prior to the material contact with propellant-
grade hydroger peroxide. The initial step is a chemical and
physical cleaning procedure desigrned to remove oxides, scalé,
dirt, weld (and heat treat) slag, oil, grease, and other
foreign material from the base material. The second step

is usually the treatment {"basic passivation") of the mate-

"
(]

8} with an glkaline eor

-sa

cid selution ¢
(probably a complex oxide) on the surface to minimize chem-
ical or catalytic activity between the surface and propellant,
Finally, the material is subjected to propellant conditioning
to check the completeness of the chemical treatment and to
eliminate, through further oxidation and chemical complexing,
all remaining active sites, Normally, propellant conditioning

is conducted in 35 w/o H 02, although many organizations pre-

2
fer additional propellant conditioning of materials at the

conditions (H20 concentration and temperature) that will be

2
experienced in final application of the material.

The material surfacea should be subjected to passivation

after part fabrication and before component or system assembly.
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5.3.2

Bagically, items auch as valves, pumps, actuators, system
piping, etc., cannot be cleaned properly in the assembled
state, because the solvent, cleaning solution, residual con-
tamination, etc., wmay be trapped in inaccessible areas. The
cleaning should be conducted immediately before component or
system assembly, unless provisions are made for packaging the
passivated part to protect against re-contamination until
ready for assembly. After assembly, components, such as
valves, should be packaged until they are utilized in the
final system assembly. It is also standard procedure to
check all passivated items with propulsion-grade hydrogen

peroxide prior to assembly in the system.

All cleaning, passivating, and rinse solutions should be
applied by immerasing, spraying, wiping, circulating, or other
manner so that all surfaces to be cleaned will be completely
wetted and flushed with the solutions. Any section of the

item to be cleaned that can trap or retain any liquid should
be drained or empiisd between the applications of each dif-
ferent selution or chemical mixture. The item should be
rinsed until it is chemically neutral between each operation.
Surfaces should not be aliowed to dry off between the clean-
ing and the "basic passivation" atepa. The water grade used,
depending upon the passivation stage, should be distilled,
deionized, or potable tap water {which has been filtered
through a 40-micron nominal filter). Unless otherwise spe-
cified, all chemicals should be C.P. (chemically pure) grade

or better.

Pasgsivation Facilities

The passivation of wmeteriale for hydrogen peroxide service

should be conducted in an area designed only for that pur-

pose. The area must be kept clean and free of combustible
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4.3.2.1

§.3.2.2

4.3.2.3

k.3.2.4

material. Equipment to be used in the passivation procedures
should be large enough to accommodate all items to be placed
in the intended system and provide a method of compleie wet-
ting (with all solutions) of the surfaces requiring passiva-
tion,

Procedures for handling hydrogen peroxide and the various
pasrivation solutions should be well established and obeerved.
Some of the more important requirements are discussed in the

foilowing paragraphs.

Personnel Education., All personnel operating in the area

should be well informed of all operating procedures, poten-
tial hazards, safety precautions, proceaures, etc. (see

Section 6.0).

Area Cleanliness. The area must be protected from dust and

dirt te prevent contamination of the cleaned parts. Although
& clean room atmosphere is not essential, it ies recommended,

narticularly, for passivation of flight hardware,

Drainage. An adequate water supply and drain must be avail-
able for flushing away spilled acid and hydrogen peroxide.
All spillage or dump of chemicals must be heavily diluted
before passage into a drainage system; protected open trough

drainage is recommended.

Safety Showers. An adequate number of deluge safety showeres

wust be provided for area personnel. The locations of these
showers should be such that they can be reached within a few

steps from any location,.




4.3.2.5 Eye Wash Fountains. An adequate nuamber of eye wash fountaine

should be provided in easily accessible locations.

4.3.2.6 Ventilation. Adequate ventilation must be provided to main-
tain a8 minimum concentration of solvent and acid fumes. Hoods

with suction fans should be installed and used wherever possible.

4.3.2.7 Warning Signs. Safety and warning signs should be placed
where they can be seen and should be appropriate to the haz-

ards created by the cleaning, passivating, and hydrogen

peroxide solutions.

h.3.2.8 : Personncl Protection. Personnel, when handling the various

passivating solutions, should be dressed in suitable protec-
tive clothing. The minimum garb should consist of a face
shield or goggles, rubber (acid-resistant) gloves, rubbers,

and an apron. (For additional infcrmation, sce Section 6.0).

4.3.2.9 Minor Equipment. Various-sized polyethylene beakers should
be provided for the treatment of small purts. These beakers

are resistant to all reagents normally recommended and used
in the passivation procedures. Although glass beakers can
be substituted for the polyethylene beakers in the use of

all but hydrofluoric-nitric acid solution, their easy break-
age can result in a greater hazard. The polyethylene boakers
should not be used for conditioning or surveillance tests
with H202.

4.%.3 Cleaning and Passivation Solutions

Generally, the chemicel solutions required in the passivation
procedure may be prepared as deacribed in the following para-
grephs.
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§.3.3.1

&.3.3.2

4.3.3.3

.

Detergent Solutions. A 1 w/o solution of a powlered com-

merical detergent such as Dreft, Naconal, Tide, Ali, Swerl,
etc., in potable water is normally used for cleaning mater-
ials and glassware, Liquid detergent (of the samc approxi-
wate coucentration) or a mild solution (5 to 7 ounces/gal)
of a commercial alkaline cleaner such as Turco No. 4090

(or ite equivalent) may also Le used; however, it should e
noted that a strongly alkaline cleaniug solution must bLe
avoided. The container for the detergent solution should be
rust-resistant and covered to minimize dirt pickup. Since
wost procedures recommend the use of hot detergent solution,
provisions should be made for heating the detergent countainer
to 140 to 160 F,

Degreasing Solvents. Couwmerrcial-grade trichloroethylene,

perchloroethylene, or a commercial solvent such as Varsol or
Sunoco cleaner are used for degreasing metals which are
heavily sciled or very greasy. Alternate degreasing may be
performed in a vapor degreaser using trichloroethylene (which
meets the Mil-T-?OO}.specification) or an equivalent grade

i+ aknanlad
r'.

of one of the ahove golvents; should be uo

howavar
BAavVwL YW

r, -ﬁntﬂ-

&d
that the working temperati ce of the vapor degreaser must be
higher than the boiling point of the selected solvent. The
solvent should be stored in a covered galvanized iron, black
iron, steel, or other suitable container, Care aliould be
taken to prevent entry of water into the chlorinated solvents
contained in the mild steel containsrs because the resulting
conversion to acids will cause corrosion of the metal and

subsequent contamination of the material during passivation.

Sodium Hydroxide (NaOH) Solution, Approximately 1/15 N. A

miid (0.25 w/o) NaOH solution can be used as an alternate
wethod for cleaning heavily soiled aluminum equipment. A
supply of this solution, which should be available at all
times, can be stcred in a stainless-steel drum or polyetliylene
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4.3.3.4

4.3.3.5

4.3.3.6

4.3.3.7

4.3.3.8

container which has been previously washed with a detergeat

solution and rinsed with clean potable water.

Sodiun Hydroxide (NaOM) Solution, 10 w/o. A 10 w/o solution

of NaOH golution is used for cleaning glassware which is

heavily soiled or has contained an unknown solution.

Sulfuric Acid (n,‘,so,‘) Solution, 35 w/o. A solution of M, S0,

is used primarily for passivating glassware. The solution
can be stored in a polyethylene-lined container vr the glass
carboys in which it is received. A lid must be provided if
stored outdoors. Heated storage may be uvecessary depending
upon the concentration of the acid and the winter tempera-

ture of the locality where stored.

Nitric Acid (HNOj), 42 degrees Boaume'. A nitric acid of 42
degrees Buume' (~70 w/o mqo}) is recomnended by FMC (Ref.

4.25) for passivating stainless-steel equipment. It should

always be readily available and stored in the containers in

which it is received.

Nitric Acid (m_o}), 45 w/o. A 45 w/o N0, solution is pre-

ferred by most orgarizations for tha '"basic passivation”

step for aluminum and stainless-steel parts. The acid is
normally stored in a polyethylene-lined or AISI 300 series
stainless-steel conteiner. A lid uust be provided to keep

out dirt and confine the acid fumes.

Nitric Acid (m«o}) 35 w/o. A dilute HNO, solution of 35

v/o 1s Tecommended by FMC (Ref. 4.25) for passivating aluminum
equipment. This acid is stored as above (Section 4.3.3.7).
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&.3.3.9

4.3.3.10

k.3.3.11

Iydrofluoric Acid (HF)-Nitric Acid (lmoj) Mixture, 3 w/o-

10 w/o. A 3 w/o HF-10 w/o HNO, solution is used for pick-
ling and cleaning stainless asteel wlien rust or other surface

contamination exists which cannot be remvoved by the nitric
acid solution. A polyethyleue-lined coutainer, with a lid
to keep out dirt and counfine the acid fumes, should be used

for storage=.

Hydrofluoric Acid (HF)-Nitric Acid (m«o}) Mixture, 1 w/o-
10 w/o. Unauodized aluminum nnd aluminum alloy components

that are excessively dirty or contain oxide film from wald-
ing, heat treating, etc., woy be treated with a 1 w/o HF-10
w/o INO, solution. This solution should be stured in the

3

same manner as the solution discusscd in Scction 4.3.3%.9.

Clean Potable Water. Drinking water, after filtratior

through a 40-micron nowinal filter, is used for rinsing

parts during the initial stages of passivation.

Fresh Distilled or Deionized Water. Distilled or deionized

water, which is used for rinsing parts after passivation,
should Lave a maximum specific conductivity of 1070 mhos/cm.
This water should not be stored in aluminum for periods
longer than 1 week prior to or during use. Storage of dis-
tilled or deionized water in an aluminum ll202 storage tank
for any length of tiwe results in slime formation which may
render the tank unsuitable for H202. In the storage and
handling of poteble water, diastilled water, or deiounized
water, the potential coutamination by tunks, valves, lines,
etc., should be considered (i.e., the use of copper in ihe
system should be avoided). Storage time of deionized or
dis*illed water should be minimized, preferably less than

1 week. Distilled water should be used for the preparaticn

of deionized water.
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4.3.3.13 Hydrogen Peroxide Eolution, 33 w/0o., Although a stabilized

35 v/o hydrogen paroxide solution is available (from various

commercial manufacturers) for the initial propellant-conditioning
atep, many users utilize 35 w/o H,0, solutious obtained by dilu-
tion of higher concentrations. However, various hydrogen peroxide
manufacturers recommend that if the 35 w/o H202 is obtained by
dilution of propellaut-grade H202 (with no or minimum stabiliza-
tion), a stabilizer should be added to the dilute H202 and the pl
of the solution adjusted so thut reasidual active metal sites cap
be deactivated by complexing with the stabilizer (recommepdations
of the hydrogen peroxide manufacturers are encouruged in this
arca). Hegardless of the user's preference in the use of stabi-
lizers, any dilution of H202 must be conducted with distilled

or deionized water of duitable quality. The 35 w/o solution
should be stored in an aluminum 1000, 5052, or 525% container.
The storage container must be vented at all times, and the

vent line should be provided with a suitalble filter to keep

out dust or dirt. A hydrogen peroxide shipping drum is a

convenieunt container; however, ounce removed, the hydrugen

peroxide must not be returned to the origiunal drum or con-
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may be reused, if ecouomics dictate.

4.3.4 Typical Passivation Technique

Specific passivation procedures that are being or have beeu
previously used by various organizations invelved in hydrogen

peroxide usage are contained in the following documents:

Chance-Vought Aircraft® Specification CVA 10-02a
Chance-Yought Aircraft* Specification CVA 10-6ha
FNC Bulletin 104 (Ref. &.25)
LTV Astronautics Specification LTV 308-20-3
McDonuell Aircraft Specification 13002

#NOYE: CVA specifications vere obtained from LTV Astronautics
(Bef. 4.34 and 4.39).
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&.3.4.1

North American Aviation, Specitication NAA LA 01)0-003
lac.

Reaction Motors Division Bpecification HM1 7000
Walter Kidde Cowpuny Bpecification 520007

Yhere are numerous d1fferences iu the exact techuniques and
procedures used by various organizationus for the passivation
of materials, parts, systems, etc., for hydreogen peroxide
service. ilowever, for the most part, these differencesa are
insignificant and the general techuiques used are very sim-
ilar. Although various storability aud compatibility studies
(sce Section 4.1 and 4.2) have indicated the greater effec-
tiveness of msowe techniques over others, it is believed that
no one technique has consistently demonstrated & repeated

superiority.

Thus, in developiug a procedure to be used by any facility,

the general or typical technique described below can be used
as a starting point. More specific (in detail) procedures

or wodifications of these typical procedures may be developed
and preferred with the acquisition of "passivation experience";
however, the typical proceduree described will passivate most
compatible waterials. The solutiouns called cut in the pro-

cedure are those designated in Section 4.3.3.

Degreas ug and Cleaning. Excessively greasy wetal parts

should be initially degreased either by cold flushing with

a solvent for 30 mioutes (rapeut with clean solvent if neces-

5ary), or through the use of a solvent vapor degreaser for .
at loast 10 minutes. All metal parts should then be cleaned
with a hot (140 to 160 F) commercial detergent solution or
a mild alkaline cowmercial cleaner. (A 1/15 N NaOH solution
bhas bLeen used for nonanodized aluminum.) Cleaning can be
accomplished by agitation of the part in the cleauning solu-
tion, scrubbing with a stiff nylon brush, and/or pumping

the solution through the part (as in the case of tubing and
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piping). The metal parts should then be rinsed thoroughly
in warm potable water to remove all traces of the cleaning

compound .

Nonmetallic and bonded nonmetallic parts such as gaskets, 0-
rings, chevron rings, hoses, etc., should be degreased by
immersion or scrubbing at 140 to 160 F, with a commercial
detergent or a mild alkaline cleaner, followed by a thorough
rinsing with warm distilled or deionized water., Teflon,
polyethylene, Kel-F, or Viton, except when bonded to metal,
may be cleaned with a solvent, but immersion time should be
limited to a short period (~5 seconds). Items which have
solvent or water remaining on their surface and are not to

be chemically cleaned further, will be dried immediately with

clean dry nitrogen gas or air.

NOTE: Following the degreasing and cleaning
step, the cleaned surfaces of the parts should
be handled with clean gloves or tongs only.
Any possible means of recontamination of the
part should be avoided frowm this point.

Descaling., Newly fabricated or reworked meizl parts, which
have scale from welding, or heat treatment, or impurities
from casting or forging, should be descaled ("pickled").
Descaling solutions should not be used after finish-machining
of precision surfaces without protection, or on paris that
do not have heavy oxide or foreign material buildups in the
form of rust or scale. The contact time of the descaling
solution with the item to be cleaned should be the wminimum
time necessary to clean the part or the meximum allowable
time per this section, whichever is shorter. Only plastic-
coated or nonmetallic gaskets should be used with nitric-
hydrcfluoric descaling baths to prevent excessive metal

lcss caused by electrolytic corrosion.
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4.3.4.2.1 Stainless Steel. Stainless-steel parts should be
etched for a minimum period, and not longer than 60 minutes,

at room temperatiure (60 to 80 F) with a mixture of 3 w/o

technical-grade hydrofluoric acid, 10 w/o technical-grade

nitric acid, and the remainder water.

CAUTION: A close visual check should be main-
tained during descaling operations with the
HF-IINO3 mixture to prevent material pitting

or excessive etching. After descaling, the
part should be thoroughly rinsed with potable
water to remove all traces of descaling solu-
tions. Loosely adhering smut or flux may bhe
removed by spraying with water or scrubbing
with a stainless steel or hemp brush, If the
parts are to be passivated immediately after
acid cleaning, they need not be dried. The
parts may be dried completely by purging with
dry, hydrocarbon-free nitrogen or air, or in
an oven at 140 to 150 F, The AISI 400 series,
303S, 303SE, and AM 355 stainless steels will
be descaled by mechanical methods such as
machining, abrasive tumbling, or grit blasting.

4,3.4.2.2 Aluminum and Aluminum Alloys. Nonanodized alumivnum and
1

\ . .
-2 may be descaled by immersien in el w/e

! w/o
HF-10 w/o IINO., solution for 30 seconds te 5 minutes at 115 F

maximum.

N

CAUTION: A close visual check should be main-
tained during descaling operations with the
HF-HNO3 mixture to prevent material pitting

or excessive etching. After descaling, the
part should be thoroughly rinsed with potable
wvater to remove all traces of the acid solu-
tion, It should bte noted that a 35 w/o HoS0,,
solution at ~115 F can also be used as an
alternate '"pickling" solution for aluminum
and aluminum alloys,.
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!Nasic Passivation.'" Immediately following the cleaning

(or &ancaling) operation, the metal parts should be sub-
Jjected to iue "basic passivation” step. Although this step
is &lways accomplished with I!NO3 solutions, the conceuntra-
ticns used by different organizations vary. The following
procedures are those preferred by the m jority, It should
bi noted that plastic and synthetic rubbers should not be

subjected to this step in the passivation procedure.

Stainless Steel. Stainlcss-steel parts should be im-
mersed in a solution of 45 w/o HNO3 at 60 to 80 F, for a
minimum period of 30 miuutes. FMC (Ref. 4.25) recommends the
use of 70 w/o HNO, for a period of 4 to 5 hours as the

stainless-steel passivation step. The parts should then be

rinsed and flushed thoroughly with deionized or distilled
water to remove all traces of the passivating sclution.
Unless the part is immediately placed in the propellant-cou-
ditioning solution, it should be drained and dried by purg-
ing with dry, filtered, hydrocarbon-free nitrogen or air,

or dried in a dust-free oven at 140 to 150 F; the part shoull
then be protected from recontamination by sealing in a sealed

clean plastic bag.

The nitric acid passivation solution should be used for the
AISI 300 and 400 series stainless steel. The protective film
resulting from this passivation process will not normallyv be
visible, but surfaces will be uniform in appearance, free
from scale, corrosion, pitting, and contaminants. Normal
discoloration from welding will be permitted, provided no

scale or rust is associnted with the discoloration.

Some crganizations recommend e¢lectropolishing of stainless-
steel parts (axcept for AM 355) by the best available com-

wercial practice as an &lternate method for stainless-steel
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k.3.4.3.2

4.3.4.4

passivation. Following electropolishing, the material ahould
be cleaned with detergent (Section 4.3.4.1) rinsed thoroughly

with deionized or distilled water, and dried in an oven.

Aluminum and Aluminum Alloys. Aluminum and aluxinum

alluy materials are usvally passivated with a solution of

45 w/o HENO, at room temperature for a period of 1 hour; how-
ever, FMC iRef. 4.25) recommeuds the use of 35 w/o HNO3 as
the passivaticrn acid. The materials should be rinsed and
flushed with water to remove all traces of nitric acid, and
unleess immediately conditioned with the propellant, the mu-
terials should be drained and dried by purging with dry,
filtered, hydrocarbon-free nitrogen or air, or dried in a
clean oven at 140 to 150 F. Machined aluminum barstock parts
do not normally require descaling or passivating processes
and can be prepared for service by degreasing and thoroughly
rinsing. Welded, cast, or corroded parts will require de-
scaling, cleaning, and passivating. Anodized aluminum parts
will pot be descaled or paésivated and should be prepared

for service by degreasing and thorough rinsing.

Propellant Conditioning. Following cleaning and acid treat-

ment steps, metallic materials should be propellant condi-
tioned to check passivation ("activity testing") and passi-
vate further potentially active sites in the materials.

The nonmetallic materials are propellunt conditioned follow-
ing the cleaning step. Normally, most procedures recommend
initial propellant conditioning with 30 to 35 w/o Hy0, (see
Section 4.3.3.13). Following this conditioning, most proce-
dures call for conditioning with hydrogen peroxide of the
grade with which the material will eventually be applied.
Propellant ccoditioning, which should be conducted for a
minimum period of 3 to 6 hours, is conducted on both the

unassembled parts and components and the assembled systems.
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L.3.4.4.1 Materials, Parts, and Components. Before the initial

activity tests are conducted, components such as valves,
pumps, etc., should be assembled (care must be taken to
avoid contamination during assembly). The passivated sur-

. faces should be exposed to the selected H202 solutions by

either imnrersion of the part or by filling the composite
assemblies (compouents) with the H202. Low openinge in the
composite assembly way be closed with passivated plugs of

the same material or polyethylene-covered rubber stoppers;
however, there must be a vent to allow escape of gases from
the assemblies. During the tests of the composite assemblies,
all sliding surfaces must be completely wetted (through

valve actuation, etc.) by the H202.

Acceptance of passivation is contingent upon no reaction of
the material with the hydrogen perioxide (as evidenced by
the lack of gas bubbles evolving from the H202). 1f, at the
end of the exposure period, the gas bubble rate is very min-
imal, the unexposed surfaces of the materials are cool to
the touch, and the gas bubbles are not confined to a partic-
ular location, the material or part is considered acceptable.
If rapid bubbling, clouding of svlution, or a local hot

spot is observed during the test, the solution should be
discarded and the active part repassivated in accordance
with Sections 4.3.4.1 and 4.3.4.3. If it is practical, the
active area should be marked for future observation. A com-
ponent or part should be rejected if it fails three consecu-
tive passivation tests, If a part shows only marginal un-
acceptable reaction, it should be removed from the 3202
gsslution, rinsed several times with distilled or deionized
water, and reconditioned with fresh H§02 solution; the part
should then be repassivaied if it continues to demonstrate
marginal unacceptability. Parts which cause discoloration
of the Bé02 solution will be reimmersed in fresh H’202 solu-
tions; if discoloration continues, the parti ehould be re-

Jjected and the discoloreld HéO2 solution disposed of immediately.
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4.3.4.4.2

Any part which shows blackening, rust streaks, or signs of

excessive corrosion should be rejected.

After the materials, parts, and/or assemblies have pasaed
all activity checks in the selected H202 solutions, they
should be rinsed thoroughly in distilled or deionized water
and dried with clean dry air or nitrogen. Heat may be used
to dry if the plastic materials are maintained below 120 F
and the wmetals below 150 F. All parts must be handled with
clean tongs and/or clean neoprene-gloved hands to prevent
recontapination. After drying, the materials should be
assembled in the final system or packaged according to
Section 4.3%.7.

.

System Assembly. After complete assembly of a handling

installation, storage facility, or any other hydrogen per-
oxide system from compatible and passivated materials (that
have undergone preliminary activity checks), the system should
be conditioned as a whole. The cntire system assembly should
be filled with 30 to 35 w/o B,0, (see Section 4.3.3.13) and
activily chiecks conducted., Again, it is noted that tihe sys-
tem should be vented and all valves and sliding surfaces
should be operated to wet all surfaces with H202. The test
should be conducted for a period of 4 hours unless a local
heated area or evxcessive gas evolution indicates the test
should be terminated. The observations and conclusions in
the assembled system tests are identical to those of the
materials, parts, and components conditioning (Section
4.3.4.4.1) with one exception; most organizations advocute
an activity check of the system using a laboratory-type

"wet test meter" to measure the actual gas rate.

After successful preliminary testing of -the iyatem with
30 to 35 w/o H202 solution, the system uhould‘@e condi-

tionmed with H202 solutions of the grade jt.wilgsgventually
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4.3.5

utilize. Follewing this paesivation, the system is con-
sidered ready for hydrogen perioxide service. All such
passivated systems should be protected against further con-
tamination with dust caps, In additiou, the system should
be contipnuously surveved during use for evidence of exces-

sive H202 decomposition,

Glassware Passivation

Because glassware passivation is slightly different from
that associated with the materials commonly used in hydrogen
perioxide system fabrication and more often involves a
laboratory-type operation, the technique used has beeu sep-
erated from the typical passivation sectim. The procedure
for the passivation of glassware, which includes thermometers

and hydrometers, is contained in the following paragraphs.

Glassware that is heavily soiled should be immersed in a
10 w/o NaGH solution for 1 hour at room temperature. If the
glassware is relatively clean, a commercial detergent should
be used instead. Following this cleaning, the glassware

should be rinsed thoroughly in clean potable water,

Chemical passivation is accomplished by immersiocn in 35 w/o
H2804 for at least 1 hour at room temperature. After the
glass is thoroughly rinsed in distilled or deionized water,
it should be dried with clean air or nitrogen, or in an
oven at 230 F.

The passivated glassware can be stored in a "ready-for-use"
condition by packaging in accordance with Section 4.3.7.
Bottles, flasks, or other containers can be stored by cover-
ing the opening tightly with aluminum foil.
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4.35.6 Passivation Aids

———

8o that wmaterials passivation be accomplished with minimum
difficulty, several general rules should always be observed.
Tbe primary rule is, of course, strict adherence to clean-
liness thoughout the procedure. Other coneiderations, prim-
arily associated with the materials treatweut prior to initia-

tion of passivation procedures, are noted below.

4.3.6.1 Metal Machiping. In addition to the selection of compatible

metale, the effectiveness of future passivation of these

metale for hydrogeun peroxide service depends upon eliminating

contamination of the materials with incompatible materials

during mwachining. Thus, the use of zinc, copper, copper

alloys (i.e., bronze or brass), tin, iron (low carbon, noun-

stoinless types), silver, lead, cadmium, carbide, sand, etc.,

should be avoided in tooling and wachiuing operations,
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Surina ‘iniaih, All surfaces which contact hydrogen peroxide

should be as smooth as possible, with manufacturing marks,
identification symbols, and irregularities reduced to a mir-
imum. All surfaces contacting hydrogen peroxide should be
free of cracks, pits, inclusions, aud foreign material,.
Whenever practical, sharp corners should be broken and a

surface finish of 40 rms (root mean square) or finer achieved.

hQ}.G.j Abrasives. Abrasive cleaning methods should not be used if
a suitable chemical method is available. When abrasives are
necessary, only glass beads, aluminum oxide abrasives, or
stainless-steel wire brushes should be used. AM 3955 should N
be cleaned only Ly mechanical metliods. Acid descaling should

be avoided if possible, ]

224




4.3.6.4%

4.3.6.5

4.3.6.6

4.3.6.7

L.3.7

Anodized Aluminum, Aluminum surfaces which contact hydrogen

peroxide slhiould be anodized. Exceptions are surfaces whoase
shape makes anodizing impracticable (i.e ., th2 interior of
long tubes). Sulfuric acid anodizing is preferred and should
be used where that process is available. Sealing of sulfuric
acid-anodized surfaces should be done in hot water (195 &

10 F for 30 winutes). Deionized water is preferr:d for seal-

ing although tap water may be used.

Rework. All fabrication and fitting of detail parts and com-
ponents should be completed prior tec passivation tredctment.

Any rework on passivated areas mnkes repassivation mandatory.

Welded Asaemblies. For welded assemblies, each part should

be cleaned prior to welding. Completed weld asseublics wmust

be passivated prior to further assembly.

Pressure Testing. Pressure testing of a system using various
a

test fluids or r By
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will automatically make it mandatory to repeat the activity

testing procedure for that assemhly.

Handling of Passivated Materials

Items that have been cleaned and passivated should be handled,
stored, or packaged in a manuer to prevent recontamination.
Immediately following cleaning and passivation, large valves,
piping sections, vessels, flex joints, subassemblies, and
other prefabricated ivems should be dried and have ends and
openings capped, plugged, or flanged and sealed with clean
compatible sealing material. Small valves and components
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4.3.7.1

4.3.7.2

4.3.7.3

should be purged with c¢lean, dry gascous unitrogen and wrapped
and sceled in cleun plastic or metal foil bags. Thesc com-

pouncnts should Le kept sealed until iustallation.

Acceptable Matcrinls, Swmnll items should Le sealed in clean

preformed emclopes, rolls, or shcets of: (1) polyethylene
film, polyethylene-backed paper, polyethylenc-backed cloth,
or polyethylene~bncked aluminum foil, (2) vinyl (Vinylite),
(3) Koroseal, (4) Saran, or (5) Mylar, Materials for short-
“erm storage of passivated itews can also include aluminum

foil (or aluminum-backed cloth or paper) and celiophaue.

Indefinite Storage. Iu the peckaging of small passivated

items for loug~term storage, the items should be dried and
packaged as soon as practicable after passivation and activity
testing. Any opeunings of the items should be sealed with
clean new polyethyleue.or aluminum caps (used closures will

be diycarded to prevent reuse). The materials should be
cuclosed in a clean envelope and sealed to stop frce passage
of air., This envelope should then bLe wrapped in heavy paper

A & e
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ECViIVE Tutivali

Identification. The passivated parts should be ideutified

with standard mavkings such as date, part number, part nawe,
etc., but in addition, a tag should bLe attached which notes
the equivaleunt of the following:

PASSIVATID PART

This part passivated for use with w/o

hydrogen peroxide. Activity Test OK

(Datc)‘ (Inspector)

NOYL: If a part is contaminated bhefore
packaging or if a package containing a passi-
vaied purt is tom, the part sliould be re-
turned Lo proper area for passivation or
nctivity test as nceded.,
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FACILITILS AND EQUIPMENT

Stcrage and Handling Facilities

A facility for the wtorage and handling of hyidiogen peroxide
way exist in the forw of: (1) a singular storage facility for
hydrogen peroxide ounly, (2) a special handling arca for hydro-
geu perioxide, such as an equipment passivation area, (3) a
storage complex for oxidizers including hydrogen peroxiuae, (u)
an area storage complex for fuels nnd oaidizers, or (5) a
handling complex for various propellants. Althongh it i1s de-
girable that any such facility be located in an isolated area,
out of necessity, it may be located in the proximity of a test

or launch facility.

The specific design criteria for each type of hydrogen peroxide-
containing facility must be counsidered independently although
most considerations apply to all facilities. This is neces-
sary because sny other propellants stored or handled at the
facility also require special considerations. In addition,

a facility located in the proximity of a launch or test in-
stallation, for exemple, is exposed to vibrational, thermal,

and possibly shrapnel effects, all of which require special

considerations.

The desxgn principles presented in this handbock apnly to

i rage and harxiiing facilities
for cnly hydrogen peroxide. Thus, in the use of these criteria
in areas where other propellants are sto~ed aod/or handled,
the facility designer must cousider the integration of various
other requirements in his dcsign of the hydrogen peroxide
facility.

Facility Luyout and Orientaiion. Hydrogen peroxide storage

apd handling areas should b. situated in such a manner as to
provide the least hazard to surrcunding facilities and
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L. k.1.1.2

personnel under any given condition. Since the layout of
test areas is dependent upon particular requirements and con-
sideratious, in which wmany attendant hazards wust be accepted,
the iayout considered here is related primarily to storage or
hand]ling areas which caun be vituated as desired. All such
facilities should have adequate drainage and be situated so
that they are expused to the minimal climate changes for the

particular arca, Some air flow should normally be availalle.

Meteorologicnl Considerations. Hydrogen peroxide does

not prescnt a serious toxicology threat to personnel through
vapor inhalation because of its low vapor pressure amd cow-
paratively high threshold limit value. Thus, very little
considesation is usunlly giveu to the potential release of
hydrogen peroxide vapor into the atmosphiere, eithier through
venting or gross spillage. Normally, such situations do not
pose a uvhireet to persounel outside of the immediate area,
particularly if spillage is immediately diluted with large
quantities cf water. However, site orientation should be
such that a vent or spill of any counceivable wagnitude will
be reduced to relatively harmless concentrations by the time

it reaches downwind population.

Quantity-Distance Cousiderations., All bhydrogen peroxide

solutions above 52 w/o H202 are clsasified as Hazaré Group 11
propellauts by the criteria established for ihe Department of
Defense (Hef. 4.52). As such, these solutions are grouped with
other strong oxidizers as & fire harard. The DOD criteria

(Ref. 4.52) also indicate that solutions above Y6 w/o 1,0, can
detonate and appropriate precautious sticuld be taken (Ref. 4.53).
Based on the Hazard Group 11 designation, the following criteria
have been recommended iu Ref. &.52 for the location of hydrogen
peroxide aites in relation to surround habitations and public

transportation.
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Propellant Distance in Feet to
Q:z::;:y, ;nhabited §ui1dings, Intragroup and
Railroads, Highways, and Compatible Group II
Over Not Over | Incompatible Group II Storage Storage
100% 60 30
100 500% 100 50
500 1,000 120 60
1,000 19,000 180 90
10,000 50,000 240 120
50,000 100,000 270 135
100,006 300,000 330 165
3¢0,000 500,000 3690 180
500,000 |1,00G,000 410 205
*NOTE: These criteria do not apply to a single standard minimum size

shipping container (such as one 55-gallon drum); these should be stored
and handled as prescribed by the controlling authority.

4,0, 1.2

Storage Containers. The storage capacity of each facility

is depeﬁdent
facility. A
with severa!

ticular test

upon the particular requirements of that
user may require one large bulk storage facility

ready storage facilities, each to supply a par-

sit e storage facilities feor propellant-

grade hydrogen peroxide may contain one or more bulk storage

tauks with capacities ranging from 5000 to 25,000 gallons,

In addition,

drum storage.

the various facilities may require areas for

The propellant-grade hydrogen peroxide tanks and containers

should be stored in an area by themselves and not integrated

with other oxidizer storage (Ref. 4.24)., The area layout

should allow Zor easy access and egress for loading and un-

loading vehicles and adequate separation of the bulk storage

tanks from each other, and from the drum storage area. All

storange tanks and associated valves and piping should be
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4.4.1.3

h.hk.1.4%

4.4.1.5

located aboveground to facilitate the detection of leaks,
All main tank connections should be made through the top
portion of the tanks to reducsz the possibilities of propel-
lant spill,

Buildings. Hydrogen peroxide bulk storage tanks do not re-
quire surrounding buildings; however, they should, if possible,
be shielded from direct sun radiation. Drums are usually
stored on a raised pad uuder an open-wall roof. The struc-
tural framework for either protective covering should con-
sist of either steel or masonry. Wooden supvorts should not
be used. Any siding should be brick, tile, or other masonry
units; corrugated sheet asbestos; aluminum; or steel with

an approved protective coating; Slate shingles, corrugated

sheet asbestos, aluminum, or coated steel can be used for

.roofing; but the use of petroleum-based roofing materials

is prohibited. A vinyl-base, high-temperature aluminum
peint can be used as weather protection for the applicable
structural materials. Floors should be asmooth, finished

concrete with a built-in slepe for drainage.

Diking and Retaninment. Each hydrogen peroxide bulk storage

tank should Le installed within a separate dike, revetment,
or walled area to retain spilled propellant. This contain-
ment should have -a smooth, impervicus, and acid-resistant
cement lining. The dike or retainment should be capable

of retaining 1.5 to 2 times the tank capacity. The diking
system should be designed so that it will gravity drain
into a collection basin via open-trough, concrete-lined

drainage canals,

S8afety and Fire Protection. Good system denign, develop-

ment and observation of good operating procedures, and
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4.4.1.5.1

4.4.1.5.2

4.%.1.5.3

good housekeeping are the best safety precautions in hydro-
gen peroxide storage and handling areae. These areas must

be kept neat, clean, and absolutely free of any type of
combustible material. All leaks and spills should be flushed
immediately with large amounts of water. Frequent inspec-
tion of the areas to ensure compliance with these regula-

tions should be meintained.

Personnel Education., Standard cperating procedures

should be established for all operations and potential sit-
uations that might occur in hydrogen peroxide storage and
handling areas. Thorough education of all operating per-
sonnel with respect to these procedures is mandatory. In
addition, these areas should be restricted to a minimum
number of previously authorized personnel required for

ocperation and safety.

Personnel Protection. Proper protective clothing, an

adequate number of deluge safety showers and eye baths,
and easy egress from the area should be provided for the
protection of operating personuel, This equipment should

be clearly located and marked.

Facility Protection. An adequate water supply must
be available for fire fighting, flushing and decontamination,
tank cooling, tank dilution, and personnel safety eguipment.
In storage areas where the tank tempefature may be over
100 F for extended durations, a tank sprinkling system should
be provided to cocl the tanke. The locations for floor
flushing, drainage flooding, and fire pretection valves
(either for hoses or fixed nozzles) should be clearly marked
by signs and red lights, In the absence of a fixed tank
dilution installation, an adequate hose length should be
available to reach the dome of any storage tank for dilu-

tion in an emergency situation.
231
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4.4,1.6

4.4.1.7

5.4.1.8

Electrical Concepts. All electrical installations through-

out the hydrogen peroxide storage and handling areas should
conform to the nationsl, state, and lochl‘codea for the type
of area and service involved, The areas should be flood-
lighted in accordaunce with good industrial and safety prac-
tices for the type of.operation involved. Electrical power
distribution within the areas should be through rigid alum-
inum or steel c¢onduits, which are preferably located under-
ground. Spark-proof or explosion-proof fixtures are not
required, but vaper-preof fixtures ave recommended. Adequate
electrical receptacies should be strategically located for

mainitenance purposes.

All vent stacks, storage tanks, and steel sfructures should
have integrally mounted lightning brotection systems in
accordance with Section 8 of Ref. 4.54. All storage tanks,
pumps, loading points, electrical gquipment, and propellant
tronsfer lines should be grounded and bonded electrically,

in accordance with national, state, and local codes,

Access Ioads. At least two access roads to transfer and

storage sites should be provided with adequate space at each
site for turning. The use of asphalt-paved access roads
in close proximity to storage and handdling facilities should

be prohibited.

. Fencing. Storage and handling areas, drainage ditches, and

catch pondé should be fenced and equipped with warning signs,
safety placards, and other equipment and techniques typical

of good industrial practice.
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Equipment Design Criteria

Ig the degign of an item of equipment for hydrogen peroxide
service, the same lLasic priuciples of design appl& as far
any other fluid-handling system. For hydrogen peroxide
service, simplicity in design is essential. Since the de-
composition rate of hydrogen peroxide is a direct function
of the surface area contacted, thé material surface area

relative to the hydrogen peroxide volume should always be

‘minimized. The number of parts in a system or component

' ~assembly should be kept to a minimum that is consistent with

the‘mechanical and structural requirements of the equipment,

-féud the equipment mst be designed so that all units can be
~easily disassembled into component parts for ease in passi-

~vation and inspection.

'Throughout the design and layout of a hydrogen peroxide"sys-

ten, the potential integrity of the system with respect to
cleanliness and compatibility with the hydrogen peroiide
must be constantly reviewed, The use of each material and
its potential contact with the propellant must Be congsistent
with the material compatibility data, as illustrated in

Section 4.2.2. Because of the possibility of unforeseen

‘hydrogen peroxide contamination (with resulting decomposi-

tion and gas release), all systems must be designed so that

.they can be completely vented and pressure relieved. When-

-ever possible, the system should be designed to "fail open.,"

Typical éguipmeht design and seleétion considerations are
' T .

‘given in the ipilqwing paragraphs. Although these consider-

ations will-aid;@he hydrogen peroxide ‘user in the design

of hydfpgenipegoxide storage and handling systems, they are
not intehde&ﬁas ;-dubatitute for good engineering practices
nor do they éxﬁlﬁde other competent and Kﬁovledgeable con-
siderations. It is also noted that the féllowing criteria

are primarily for semipermanent or permanent facilities
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4.4,

and do not apply te flight hardware although many of the " .

considerations may be applicable.

Storage Vessels. All pressure vessele for hydrogen peroxidé o

- sign and construction should satisfy applicable local and

cated in accordance with good engineering practice for the

fully. The 17-7 precipitation hardening stainless steel has

;;‘ requifed only short periods of hydrogen peroxide storage)

Tohe

storage and feed should be cornstructed in accordance with ‘iifkfg- o .
the ASME Boiler and Pressure Vessel Code, Section VIII, | l
latest edition (Ref. 4.55). Also, all pressure vessel de-

state codes for such vesscls. All other storage vessels

for hydrogen peroxide service sheculd be designed and fabri-

pressure and service in which they are to be used. A wmini-
mum safety factor of 4 for vessel and vessel support material

strength should be maintained in all designs with adequate

allowances for local seismic and atmospheric disturbances, " e

temperature conditions, and external and/or internal

corrosion.

Hydrogen peroxide storage tenks are normally fabricated of

Class 1 materials, The majority of the tanks used for bulk

w/o aluminum, When greater strength is required, alpminum
alloys 5254 and 5052 are normally used for bulk storage.
In consideratign of requirements for high-pressure light-

weight tankage, AM 350 stainless steel has been used success—

been used succeésfully in-76 and 90 w/o H202 systems; thf

ever, this material is generally more difficult to passivate

than the AM 350 material, particularly when used 1n 90 and

93 w/o H202 systems, DBoth steels offer yield streagths of .
160,000 psi.

The hydrogen peroxide tankage used in rocket test facilities

and various other feed and ready storage applications (which
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4.4.2.1.

1

are usually fabricated from 347 stainless steel. Other
miterials successfully utilized in tankage ior these types
of applications are the low-carbon 304, 310, and 321 stain-

less steels.

The cryogenic prestrained 301 stainless steel has demon-
atratéd excellent compatibility with 90 and 98 w/o H202, and
the high strength of this material (260,000 psi yield) favors
its use for hydrogen peroxide tankage in flight vehicles

and for high_préssure applications.

General Considerations. . The particular requirements

of the storage and handling facility will determine the size
aud number of storage and feed tanks. If hydrogen peroxide
shipments.are received in tank trucks or tnnk cars, storage
tanks with capucities greater than 8000 gallons should be
available, and more than one bulk storage tank is recommended
at each particular installation. Bulk shipments should pre-
ferably be maintained in containers of similar size instead
of being transferred to a number of smaller containers., In
addition, the number of hydrbgen peroxide transfers from

the initial storage to final use should be minimized. Obser-
vation of these rules will limit the chance of contamination

and the number of hazards involved.

Although atmospheric-pressure, horizontal tanks have usually
been preferred to vertical tanks for the bulk storage of
hydrogen peroxide, any well-engineered tank is suitable.
High~pressure feed or ready storage tanks are usually ver-
tical so they can be fully drained. It should be noted

that the optimum stress-to-weight ratio is contained in a
spherical tank, and this type of tank provides a minimum
surface-to-volume ratio. A 2-to-1 length-to-diameter ratio
tank is also advantageous with referencé to strength-to-
weight and surface-to-volume ratios. Regardless of the

shape, the tank should be designed with sufficieut volume
235
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capacity to limit the liquid level from rising above the

head attachment weld.

Normally, all hydrogen peroxide tankage should be provided
with openings for fillimg, draining, venting, special in-
strumentation (tewperature, pressure, and liquid level in-
dication), and pressure relief (usually a )arge bLursi disk).
Large storage tanks should bLe provided with a top opening
wanwvay of at least 18 inches dinmetef for clegning &nd in-
spection.  All bulk storage tanks should have at least a
0-inch~-diameter opening for use during cleaning and passiva-
tion. Many organizations fit the large obcnings on
atmospheric-bressure bulk storage tanks with a floating
cover, which is designed to exclude dirt but free to relieve
pressure buildup in the tank. A cover of this type is
especiaily effective in providing a large emergency vent to
prevent pressure rupture of the tank in case of massive con-

tamination of the contained hydrogen peroxide,

Top inlet and outlel counections are usually recommended
for large buvlk storage tanks; however, a bottom outlet is
geierally required for propellant feed and ready-stiorage

tanks te provide complete drainage. Flanged connections
should be used for all openings whenever possible. Storage
tanks must have a filtered (to protect against inflow of

dirt) vent of at least 2 inches, which cannot be inadvertently
closed. Pressure vessels should be designed with fail-open
vents. In addition, many storage tank designs incorporate

a tewperature alarm, in which a thermocouple is installed

in a protective aluminum tube inside the tank or fastened

to the outside wall of the tank below the liquid level

(with external glass wool insulation). Mercury thermometers -
and liquid-type manometer gages shculd not be used in direct

contact with the liquid.
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k.4.2.1.3

‘drogen peroxide decomposition must always be considered. A

‘ liberation of oxygen from decompositiou results in a subse-

For these reasons, venting of systems for normal long-term

Y - M
e em [T

I'ressure or Volume Changes. Throughout the design,
fubricntion, and application of hydrogen peroxide storage

vessels, the pressure and volume chauges resulting from hy-

quent change in.gns volume and/or pressure of a secaled con-
tainer. To illuat}ute this‘point, Fig. 4.10 shows the volume
of oxygen liberated per uait volume of hydrogen peroxide as
a function of hydrogen peroxide'concentrntion and {emperuture,
assuming a decomposition rate of 0.1 percent AOL per year
and a constant pressure of 14.7 psia. Figure 4.11 demon-
atrates the preasurc'increnBE'rcsulting from this decémposi-~
tion in an unvented aysteﬁ with an initial ullage volume of
10 percent. Pressure increases observed under actual stor-

age conditions are illustrated in Fig. 4.3 and 4.0,

hydrogen peroxide storage is necessary. This venting may
be either continuous or of the intermittent variety. The
latter is used when the rate of preasure increase is used

as g wmeasure of stability. Comwmercial shipping containers

(L7

are normally of the continuous-venting type. A somewint

labyrinthine path is made with holes drilled through the !
cover material. The geometry is such that the possibility
of contaminants entering through the holes is neglible, and
the possibility of trapping and subsequeunt blowing overboard
of liquid hydrogen peroxide is insignificant. For most
nerospace anplications, nonvented systems are employed and
allowances for pressure increase during the storage period

must be made in the design.

Self-Heating. Another important consideration in the
design of storage tanks is rulated to self-lheating of the
hydrogen peroxide. This behavior, thoroughly discussed in
Ref. 4.56, can be briefly summarized by the followiug

comments from that discussion:

237

M T e e o ey
. -, v R <



"All hydrogen peroxide solutions decompose at
a finite rate, and this decowposition releases
a relatively large amount of heat (1200 Btu/1b
of hydrogen peroxide cousumed). Consequently,
every Lydrogen peroxide storage vessel wust
continually transfer heat to its surroundings,
a corollary being thut such storage vesscls
are nlways warmer than the surroundings. The
magnitude of this temperature difference is
established by the balance between heat re-
leased by decomposition and heat transferred
to the atmosphere. The actual mechanism, of
course, involves a gradual temperature rise in
the contents of the vessel until the rate of
lheat transfer to the surroundings becomes equal
to the rate of lheat liberation by decomposi-
tion. MHowever, the rate of heat traunsfer to
‘the atmosphere iucreases only linearly with
temperature, while the rate of decomposition
increases exponentially. As a consequence,
for any particulav storage vessel there exists
a critical decomposition rate beyond whiclh the
rate of heat liberation will always exceed the
rate at which heat can be transferred to the
surroundings. Ounce a storage vessel passes
the critical condition, a sclf-accelerating
decomposition will set in which, unless checked,
may reach a very high rate. As hydrogen per-
oxide solutious are nearly impossible to detonate
and vapor explosions are possible ounly over
very stroug solutions, the primary hazard is
duc only to pressure rise and pussible rupture

of the container."

Becausc of this potential effect in storage, the design of
any hydrogen peroxide storage container should incorporate
features which control seli-heating. Assuming various hLy-
drogen peroxide decomposition rates, a wmaximum safe-tank
size can be calculated for a given hydrogeu peroxide con-
centration stored at a given temperature in a given tank
material (Ref. 4.56). Hydrogen peroxide tankage should be
located so as to permit free movement of the surrounding

air, amd since heat dissipation from the tank is nrecessary

to preveut self-heating, the insulation of hydrogen peroxide

storage vessels under normal earth ambient storage condi-

tions should be prohibited. DBecause knowledge of impending
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self-hecating is desirable, adeguate instrumentation should
be provided for all bulk storage tanks; this instrumeiaiation

is discussed more thoroughly in Section 4.4.2.11.

. h.4.2.1.% Surface Area Effecta. One of the important considera-

" tions in the design of hydrogen peroxide storage tauks is
the cffect of surface area. This is discussed in many other
sections of the handbook, and the system desiguer should be =~

. well aware of its contribution to the decompositidn of hy- |
drogen peroxide. With proper knowledge of this effect, it
can be minimized by proper design. Since the curremt bigh—' Lo
purity of propellant-grade hydrogen peroxide mnimizes the
homogeneous decomposition reaction, the primary énuse“of ,
decomposition results from the heterogeneous‘reaction. This
is the controlling reaction under the normal ambient stor-

age conditions assuming inadvertent contamination of the
hydrogen peroxide does not occur in sufficieut quantities

to initiate the homogeneous reaction mechanism.

Surface area effects, which are the basis of the hetere-~
geneous reaction, can be winimized by optimizing container

esign feor minimum surface area per unit volume (the ulti-

Q.

wate design being a sphere). Further optimization requires
a minimum number of storage containers. Previous produc-
tion plant storage data show that the active oxygen loss

in the storage of hydrogen peroxide can be reduced 50 per-

cent by going from an 8000-gallon storage taunk to a 25,000-
gallon storage tank (Ref. 4.25). Since such volumes are
not practical for many applications, compromises have to

be made with respect to convenience of handling and minimum
quantity required at the storage site for assurance of

continuing operation,
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"Piping Systems. Iuformation of a general and specific nature

relating to pipe, pipe wmaterial, and piping inatallation is

exteusively covered in Ref. &.57 through 4.60.

System Design. All piping used in the storage, vent-

“iung, and transfer of hydrogen peroﬁide should be designed
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of Nef 4.57.

\iu accordance with Sectiong 5 and 6 of Ref, 4;57; Allowable

" "tensile stresses for pipe materials are listed in Table 12

of Nef. 4.57. Material specifications for pipe, fittings,
valves, flaugecs, tubing, and boltings are listed in Table 8

:

. In design of hydrogeu peroxide.piping systems, all piping

and items of equipment, especiully valves and pumps, should

be designed for complete drainage ou shutdown. This can

bo accomplishéd by prdviding eusily accessible draincocks .

at the low points and by placing eﬁuipment‘containing dams,

“such as some types of valves, in vertical rather than hor-

iibntal positidhs.3 A piping system which holds hydrogen

~peroxide in stagnant pools, evea if properly vented, may

Le subject to excessive carrosjon even when fahricated

from the recommended raterials of coustruction,

There should be no places in the flow system where hydrogen
peroxide can be trapped for any period of time without a
vent path or a relief arrangement. Since hydrogen peroxide
solutions will constantly decompose at a slow but steady
rate, the resulting gas, i; completely ccunfined, could even-
tually build up sufficient pressure to cause rupture.

"Dead ends," of which a Bourdon tube gage is au example,
shhould be avoided since foreign material can accumulate in
these spots. Ball, plug, and gate valves are examples of
valve designs where the hydrogen peroxide cau be trapped

vhen the valve is closed; if one of thesc types of valves
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Piping Systems. Informaticn of a general and specific nature

relating to pipe, pipe material, and piping installation is

extensively covered in Ref. %4.57 through 4.60.

System Design. All piping used in the storage, vent-

ing, and transfer of hydrogen peroxide should be designed

in accordance with Sections 3 and 6 of Ref, 4.57. Allowable
tensile stresses for pipe materials are listed in Table 12
of Nef. 4.57. Material specifications for pipe, fittings,
valives, flanges, tubing, and boltings are listed in Table 8
of Ref. 4.57.

Tu design of hydrogen peroxide piping systems, all piping
and items of equipment, especially valves and pumps, should
be designhed for complete drainage on shutdown. Thie can

be accowmplished by providing easily accessible draincocks
at the low points amd by placing equipment containing dams,
such as some types of valves, in vertical rather than hor-
izontal positions. A piping system which holds hydroegen
peroxide in stagnant pools, even if properly vented, may

be subject to excessive corrosion even wlen fabricated

from the recommended materianls of construction.

There should be ne places in the {low system where hydrogen
peroxide can be trapped for any period of time without a
vent path or a relief arrangement. Since hydrogen peroxide
solutions will counstantly decompose at a slow but steady
rate, the resulting gas, if completely ccnfined, cculd even-
tually build up sufficieunt pressur: to cause rupture,

i

"Dead ends," of which a Bourdon tube gage is an example,
should he avoided since foreign material can accumulate in
these spots. Ball, plug, and gate valves are examples of
valve designs where the hydrogen peroxide can be trapped

when the valve is closed; if one of these types of valves
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is to be used, the cavities must be vented Lo relieve any
; gas formation, It is recommended also that the number of
F% valves in a system be kept to & winimum to prevent trap-

ping of the hydrogen peroxi ¢ between valves,

In the use of pumps in the system where the point of pump

discharge is lower than the storage tank liquid level, the

. pump suction line from the top outlet should have a valved

) vacuum breaker to prevent siphoning after the pump is stopped.

z The pump installation should also be designed to prevent

hydrogen peroxide from flowing back to the storage tank

upon pump shutdown.

s s e st

=

.4.2.2.2 Pipes and Fittings. Pipe and welding fittings are

normally manufactured according tn standard thickness and
weight, as proposed by the American Standards Associatien.
Adherence to these standards in the design of hydrogen
peroxide piping systems will eliminate unnecessary cost

in the purchase of pipe and will facilitate purchases in

iR e .

"small lots. Pipe wall thicknesses should be determined in
accordance with Ref. 4.57, Section 2, Chapter 4, Paragraph

214 (-3).

e

The most compatible piping for hydrogen peroxide service is

i

1060 aluminum, and this material is generally recommended,

particularly if the liquid hydrogen peroiide is to remain

5
in long-time static contact with it. However, where greater
strength or harduess is required over that of aluminum 10060, |
‘ or where other aluminum alloys (3003 anrd 6063) may be more
' readily obtainable in piping, other Class 1 or Class 2

aluminums may be used, Piping of 300-series stainless
) ’ steel may alse be used in certain Class 2 (Section 4.2.1.2)

applications.
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5.4.2.2.3

4.4.2.2.4

Welded and flanged constructicn is recommended in hydrogen
peroxide piping with a minimum of fittings and joints., Bends
are preferred to elbows, and joints should be stud-ends with
lap joint flanges or flanges welded to the piping. The use
of stainless steel and galvanized or aluminum-clad bolting
with galvanized steel back flanges is recommended, because
rusting of carbon steel would afford a source of possible
contamination of the piping when the flanges are opened.

If pogsible, threaded fittings and connections should be
avoided; however, where they must be used, it is recommended
that the tapered pipe thrcads be sealed with Teflon thread

tape. Normal pipe thread compounds musi never be used.

Pipe Hangers and Supports. Pipe supports, hangers,

anchors, guides, and braces should be designed to prevent
excessive stress, deflection, and motion in operation of

the system, or too large a variation in loading with changes
in temperature, and to guard against shock or resonance with
imposed vibration and/or critical canditions. Design and
selection of the pipe supports should be in full accordance
with Section 6, Chapter I of Ref. 4.57. Additional inform-
ation is ircluded in Ref. 4.58 through 4.63.

Flexible Connectious. A corrugated, seamless hose of

304 or 316 stainless steel, with open pitch construction
and welded flanged ends is recommended as a flexible con-
nection for hydrogen peroxide service. Flexible hose lines
with Teflon or Silicone S$-5711, fitted with flanged con-
nections, also have been successfully‘used. Another type
of flexible connection t*at has been applied successfully
in hydrogen peroxide service is aluminum piping with swing

joints of stainless steel and Teflon.
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Jdentification. Hydrogen peroxide pipiag should be
identified in accordance with MIL-STD-101A(10), The prim-

ary warning color (band) is green. The secondary warning

color (arrow) is blue.

Stninless Stcel Tubing and Fittings. Tubing and fittings

of 300 series stainless rteel are used almost exclusively
for pressurized hydrogev peroxide systems. (It should also
he noted that the X-15 experimental aircraft uses an all
stainlegs-steel hydrogen peroxide system,) All systems
designed with stainless-steel tubing should conform to MIIL-
T-8808A (for type 321) MIL-T-8606A (for type 347), or
MIL-T-850% (for type 304). Fittings should conform to AN
or MS standards for flared tube fittings,

Valves. Selection of valves for hydrogen peroxide service

imposes certain design requirements that are more stringent
or critical than with most other propellants. The design
should be such that trapping of hydrogen peroxide in any
part of the valve is impossible during any operation cycle
of the valve. As a result, globe or Y-type valves are
usually recommended for hydrogen peroxide service. Modifi-
cation of some types of gate, plug, and ball valves to pro-
vide self-venting has also permitied their use in certain

applications.

Materials used in approved hydrogen peroxide valves are

normally Class 1 or 2 (see Section 4.2.1.2). Stainless steels

321 and 347 have been employed successfully as valve mater-
ials; however, aome aluminum alloy valves bave been sub-
Jjected to aevere galvanic corrosion when used in conjunction
with stainless-steel poppets or fittings. A metal-to-Teflon

(or Kel-F) seal between the plug and valve seat is normally
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4.4.2.5

4.5.2.6

4.4.2.7
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preferred over metal-to-metal contact. Materials approved

for gaskets are normally used as valve packing.

llelief Devices. The preferred relief device for hydrogen

perexide systems is a rupture disk. The relief device
should be rated at not more than 100 percent of the vessel
or system rating when used as a primary relief device or

105 percent when used as a secondary relief device. Sizing
of the.device should be large enough to prevent the pressure
from rising 10 percent above the maximum allowable working
pressure, of the system under any projected condition. Burst
relief devices on hydrogen peroxide tank cars are designed

to relieve at 45 psig pressure.

v

Regulators. Regulstors are used primarily to supply regu-
lated nitrogen gas for transfer, purge, and control systems.
The selection of &« regnlator for service in hydrogen perox-
ide systems depends upon its particular intended service.

If the regulator is in an attendant system which cannsot be
contaminated with hydrogen peroxide, no special requirements
are necessary. However, when contamination is a possibility,
the regulator materials must conform to compatille material

specificalions.

Pumps, Fumps manufactured from wrought or forged 300-series
atainless steel (304, 316, 321 and 347) and pumps made with
aluminum alloys B356, 356, or 43 which also have a 300-series
stainless-sieel shaft, are recommended for pumping hyd:rogen
peroxide, Cast stainless steel should be avoided because

it is subject to chromium leaching, which seriously contam-
inates the propellant and hastens decomposition. Self-
priming pumps should be used for transferring hydrogen

peroxide from tank cars or storage tanks with top outlets;

. ..‘,.».ig‘ IR ST e
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the pump normally used in this service is a 2-inch, self-
priming centrifugel. Where higher pressure or low capac-

ities are desired, a special rotary pump is recommended.

Pump shafts should be stainless steel, and any packing must
be mudé of compatible materials. W.ere used, packing should
he rings of either Teflon or Vitrium, lubricated with a
fluorinated hydrocarbon; excessive gland tightening of the
packing should be avoided, because overheating could result
in the rupture of the gland. Stainless-steel mechanical
seals with glass-filled Teflon and cerawmic faces are recom-

mended. Aii pumps should be equipped with drain valves and,

where desired, temperature alarms to warn against overheati-g.

Filters. Liquid filters have been used in hydrogen peroxide

storage and tronsfer systems to maintain propellant clean-
liness from insoluble contawminants. Because of the massive
surface area available (for promoting heterogeneous decompo-
sition), the filter should be selected from Class 1 or 2
materials, and should be iocated where it is noi constantly
immersed in the liquid (such as the inlet or outlet of a
transfer line). Also, it should bLe located for easy and
repeated opening and cleaning. A 25-micron, type 316
stainless-steel filter with a 1000-8q in. minimum element
area (100 gpm H202 at 15 psi A P) has been used success-

fully in large handling systems.

Gaskets, The selectiun of gaskets for hydrogen peroxide

service is related to the type of service to be provided.
Materinls normally used as gaskets are Teflon, kLel-I,
certain silicone rubbers, some polyviuyl plastics, Korceseal
700, pure tin, and either a combination of spirally wound

staninless steel aud Teflon (Flexitallic) or a Teflon
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envelopa over asbestos. The metal-containing gaskets

are usually recommended for high-pressure and vacuum
systema; however, contact between dissimilar metals should
be avoided to prevent galvanic corrosion. The use of
certain elastomeric meterials aas gasketsy zmst be avoided
because the plasticizer or filler material may be incom-

patible or impact sensitive (see Section 4.2.2). i

- 4.4,2,10 Lubricants. The use of lubricants in propellant-grade
hydrogen peroxid? service should be minimized or avoided |
vherever possible. Results of compatibility tests (Sec- 1
tion 4.2.2.6) iundicate that only the fluorinated hydro- '

carbons are sufficiently compatible with hydrogen peroxide f i

to be considered, and even these materials may react

under certain conditions. i

k.4.2.11 Instrumentation. In the design of instrumentation inter- ,i *
nal probes or sampling tubes for hydrogen peroxide storage i 1
and handling systems, the proper selection of compatible

materials is the primary consideration. Dissimilar metals -
in contact with hydrogen peroxide demonstrate a tendency 4‘

for electrolytic corrosion, with the more concentrated ,
solutions showing less galvanic action. However, even
with 90 w/o hydrogen peroxide, the use of dissimilar

metals should be avoided. Attempts at insulating one
metal from the other by a plastic have not been very

effective in past applications where intermittent wetting | !
occurs. If two dissimilar metals must be in contact, the
anodic metal should have a larger surface area than the : ‘
cathodic metal. In addition, the use of soldered joints
(particul&rly silver solder), which is common in various : ‘
types of probes and sensers should ve avoided (because of

catalytic decomposition of the hydrogen peroxide).
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As noted previously,'dead ends," which are those places
that could be filled with hydrogen peroxide without per-
mitting adequate recirculation of the fluid, should be
avoided wherever possible. (A commou example of this in
instrumentation design is the typical Bourdon tube pres-

sure gnge.) The disadvantage of having a dead ex? in «

piece of apparatus is that there is a possibility that
small impurities will accumulate in the dead end until
extensive hydrogen peroxide decompositicn results, If

B dead ends cannot be avoided, they should be placed above

the low point in the system so that liquid hydrogen per-

i; oxide solutions will not collect in them. {
? §.4.2.11.1 Pressure Gages. If gages are required or used in

hydrogen peroxide service, they should be constructed of ;
compatible materials and meet the other considerations
noted above. Where Bourdon tube-type pressure gages are

used, their design and assembly should allow for proper

passivation and iunspection of the gage inlet, and there

should be no welds in contact with the hydrogen peroxide,

i

For example, a stainless-steel diaphragm held between
two bolted stainless-steel flanges should be used in con- 4‘
|

Jjunction with a Bourdon tube pressure gage. with the

assembly placed in a vertical position. Gus legs and ;
By diaphragm protectors have clso been used with success in q

; preventing direct exposure of the gages to liquid hydro-

gen peroxide.

. 5.4.2.11.2 Storage Tank Temperature-Measuring Devices. A study

of tempernture-measuring devices far high-strength hydroe-

gen peroxide storage systems has been reported in llef.
4.64. A summery of this study, shewn in Table 4.32 ,

illustrates the presently available teclhniques. Selec-

£ tion of any one of these techniques is dependent upon 1
§ the requirements of the particular facility. However, !
3

k. |
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regardless of which technique i. used, its limitaticne,
operating characteristice, and relationship to potential
"red line" conditions must be fully understood by facility

personnel to ensure the usefulness of the system.

In consideration of the various techniques described in
Table &4.32 , the surface meusuring system with its sensing
peint at the bottom of the tank (Method 3) would be less
affected by high vapor space temperature than any of the
other measuring devices. The Manufacturing Chemists'
Association (Ref. 4.65) has, in effect, recognized this
technique as a suitable method by stating.''The tenmpera-
ture of a tank may be monitored by temperature indicators
attached to the exterior of the tank below liquid level
which records the temperature auvtomatically or an operator
may record the temperature on schedule." While not di-
rectly measuring liquid temperature, such a system would
show tank temperature changes (although it would probably
be unsuitable for inventory purposes). Using a dial
thermometer, this type of system would be the most econ-

omical direct temperature indicating system.

The use of a dial thermometer inserted in a thermal well
below the liquid level (Method 4) would more closely
indicate the true liquid temperuture and be less affected
by ambient temperatures than surface mounted systems,
High vapor space teﬁperature would not affect such a sys-

tem unless the liquid level fell below the well.

Another type of surface measuring system (Methed 7) en-
combusses the vapor space using a capillary sensing ele-
ment which is sensitive to the warmest spot along its
length. However, any time the vapor space is warmer than
the liquid, this instrument will indicate the vapor space
tank surfece temperature rather than the liquid. One

organization reported that it was necessary to set the
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alarm point of such a systew at 145 F to eliminate false
alarms resulting from sun heatiug effects transferred into
the vapor space. Une manufacturer of this type of instru-

pent does not recommend it for this use,

Ancther organizaticu reported the use of an averaging sur-
foce meansuring system covering the lower gquadiant of the
tank (Method 6). This system was affected in a manner
similar to that of Method 7 at lower liquid levels, but

to a lesser extent, since it averages the temperature

rather than selects the warmest spot,

The Weston System (described as Method 10), using a re-
sistance temperature elemeut installed from top to bottom
of the tank in a well, will average the liquid temperature
from the liquid level vo the bottom of the tank. A manual
switch is provided to change the tewperature-sensitive
segment of the element to that position below the liquid
level in up to six steps. This sysiem gives goud average
liquid temperatures at any one vertical plane in the tank.
Several elements installed in one tauk or in several tanks
could be used with one indicator. Such a system is expen-
sive but might prove extremely valuable in tlie checkout

of a nev storage area, particularly by a group inexperi-

enced in hydrogen peroxide handling and sterage.

The use of automatic temperature alarms connected to the
sensing device would be of little value in determining
self-heating of the tank in the early stages. For example,
in cold weather, self-heating could be progressing very
rapidly by the time the alarm point set for 120 ¥ would

be reached. Couversely, in hot weather, the effects of
the sun coupled with low liquid levels could result in
frequent false alarms at this temperature. As a reczult

of these false alafms, the alarm would soon be ignored (or

if the alarm were set high euough to eliminate the false
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alarms, it might provide a false scnsc of security). An
alarm system could be set up to operate on a given ten-
perature differential hetween ambient and storage tompe cn-

tures; however, this involves additiovnal expeusc.

It is generally recommended that the use of continuous
plots of tank (with any of the iudicated devices) and
ambient temperatures bLe used as the method of evaluating
storage conditions, at least wuntil personnel have suffi-

cient experience to evaluate the fac'lities properly.

System Fabrication and Assembly

Hlydrogen pevoxide storage and transfer systems are similar
to those employed for handling ordinary fluids, except

for wmaterials of construction. Pump motors, solenoid
valves, electrical switch-gear, and other electrical equip-
ment in the hydrogen peroxide trausfer and storage systems
shiould be selected and installed in accordauce with the
requirements of the National Flectric Code, Article 500,
Class 1, Division 2, All seals and joints in the propel-
lant system should be periodically and frequently inspecied

for leaks aund damage.

In the layout, plucement, and arrangcuwent of operating
systems and units, ample spaciug should be provided for
proper maintenance clearances aund adequate ventilation,

In many cases, the removal, replacement, and servicing of
vitlves, pumps, piping sections, instrumentation, and other
equipment must be done by personnel in protective cloth-
ing. Ample room and access must be provided for use of
tuols and for easy movement of equipment. Where possible,

equipment, valves, and lines should be located so that
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maiutenance and service work can be accomplished from a
position above the piping level to prevent propellaut

drips and leaks from falling ou persouncl.

Priov to fabricatiou and assembly of the system, the
materials and equipment to be used should be carefully
selected from the recommended lists as given in Section
L.2.2 and 4.4.2. Auny questionable or unknown (with re-
spect to computihility) material or piece of equipmeni,
which is to Lc used in the system, should be thoroughly
checked in accordance with the procedures given in Scction
4.,2.1. In uddition, the identity of each material used

in the fabrication and assembly of hydrogen peroxide sys-
tems must be ensured; test kits are availuvlie for the

identification of metals in the field (Ref. 4.60).

These selections should be judiciously reviewed by knowl-
edgeable personnel who have had prior experience in the
operation of hydrogen peroxide facilities, The selected
materials and equipment should then be cleaned, passivated,
and "activity" checked and the system fabricated wnd
assembled according to the considerations given in the

following paragraphs.

General. In the fabrication and assembly of hydrogen
peroxide systems, the user is again reminded of general
"rules of thumd" that should be observed in the design,
preparation, and assembly of the system. These are noted
as follows (Ref 4.25).

1. All hydrogen peroxide tanks should be designed with

A winimum surface-to-volume ratio for maximum storage

stability (i.e., a sphere is the optimum shape).
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6.

<

10.

11.

All storage tanks, vessels and drums should be desipned
so that sampling of their contents may be accomplished
without the usge of a sample thief or insertion of any

device into the storage contaiuner.

Various seamless staiuless-steel tubing can he used for
high-pressure systews, butl the 304L, 3101, 321, or 347

alloys should be used if weldiug is rvquired,

Stainless-steel and aluminum components should unet be
coupled in the same system because electrolytic corro-

sion may result,

Free-machining, stainless-stecl alloys should not be

used,

Cast stainless-steel components should not be used un-
less the particular casting is thoroughly proved to

be suitably compatible with hydrogen peroxide.

All markings should be removed from stainless-steel

plates before they are formed into a tank.

Lap joints should not he used in fabrication cf waterials,
Lap joints provide cracks, crevices, etc. (which can-

not be readily cleaned), and may furnish a source of
contamination; they also provide dead spaces for re-

tention of hydrogen peroxide.

fabrication.
Head forming dies should be free of rust and smooth.

It is often advisable to degrease aud passivate the
tank head and bottom closures prior to fabricaiion,
This eliminates difficulties in future tank and sys-

tem passivations,

252



14.

16.

17.

18,

19.
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Flux and carhon formed in f{abrication should be
cleaned from welded areas in stainless stcels by a

300 series stainless-stael wire brush., Any inclusions
remaining should be ground out. For the grinding of
cast surfaces, welds, and weld spatter on surfaces
that will contact propellant-grade hydrogen peroxide,
a clean white aloxide (aluminum vxide) abrasive is

recomnended .

Carborundum is not recommended for griunding because
the iron in the carborundum is catalytic with hydrogen

peroxide,

Metallizing or sprayed metal coatings are not guit-
able teclmiques for preparing surfaces fov hydrogen
peroxide service, It is possible for the hydrogen
peroxide to seep behind the couting or &n exposed edge,

and cause the coating to blister.

Sandblasting is not recormended because it reduces the
compatibility of metals with hydrogen peroxide due to
the formaution of a porous or pitted surface. The
rougher surface decreases its compatibility with hydro-

gen peroxide,

Mechanical polishing of gluminum alloys is not advis-
able because of the possibility of introducing materials
wvhiich are not compatible and could cause deconmposition
of the hydrogen peroxide. Electrochemical polishing

(anodization) of aluminum is the recommended method.

If an aluminum system is cmployed, it should be ano-
dized per Specification Mil-A-8625 (with ne dyes),

followed by a l-hour riuse in boiling distilled water.

Aluminum materials and components should be handled
carefully to prevent the possibility of embedding

metal particles in the surface.

Hydrogen peroxide system components should not be

brazed or silver soldered,
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20. All plastic waterinls must be checked for metal
particles, inclusions, ete., prior to use. The en-
trapment of organic solvents in porous waterials should

be aveided during cleaning operations,

21, Chromic acid solutions should not be used f1 clean-
ing because chromium iy one of the bhetter decomposi-

tion catalysts for hydrogen peroxide.

VWelding. 1In gencral, the standards for welding pipe wiil
conform to Chapter 4 of Nef. 4&.57. UPipe fittiugs shonld

be procured from reputable sources who permancutly wmark
their fittings as to: (1) manufacturer, (2) size and sched-
ule of pipe, and (3) material and heat code. The fittings
should be of the hutt-welded type to facilitate systicm
clecauing and purging operations. A typical set of stand-

ards for the acceptauce of pipe welds is as follows:

1. Cracks of wny nature, whether crater, underbead, trans-
verse, longitudinal, or parent metal will be cause for

rejection.

2, Crater cracks which are determined to he only surface
defects may bLe removed by machining or grinding. They
need not be rewelded provided buildup 1s not less than
10 percent nor more than 30 percent of the metal thick-
ness, nor if drop-through is net less than flush nor

more than 30 percent of the metal thickuess.

3. Normally acceptable defects occurriug in conjuuction
with or adjacent t¢ cracks will be cause fox rejection
if they occur within a distance of 2 inches each way

from tlie crack.

4. DButt joints will have 100-percent penetration through-

out 100 percent of the linear length of the weld,
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Any lack of fusion will not be accepted.

Undereut, excessive drop-through, and excensive rough-
ness will be cause for rejection. Folds in drop-through
will be accepted if they ave not greater in depth than

10 percent of the thickuess of the parent metal.

Poresity or inclusiouns occurring in the weld metal,
exclusive of the veld reinforcements,in which any
radiographic image is darker than the parent metal or
iarger in 1t8 greatest dimension than 19 percent of

the parent metal thickness will be rejected.

Porosity and inclusions in the weld reinforccment will
be acceplable provided they do not extend through the
surface of the reinforcements and provided they do not

result in an objectionable stress riser,

Porosity aund inclusions whose greatest dimensions are
equal to or less than 15 percent of the parent metal
thickness will be acceptable to the extent of one pore

per iuch of weld length,

Tungsten inclusions located in the penetration zone
will be accepted provided the greatest dimension of
any particle is not over 25 percent of the parent metal
thickness,

| L1
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lie welding of hydrogen peroxide gystems, specific con-
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gsiderations must be ohserved to ensure the passivatioun and

compatibility »f the fubricated and assembled system with

hydrogen percxide. These considerations, noted in Ref. 4.25,

are essentially dependent upon the design of tanks and

equipment, which should be such that good welding techniques

and machining practices can be readily utilized. Since

weld splatter on surfaces which will contact the hydrogen

peroxide will cause excessive decomposition, the design

should allow for removal of weld splatter if it should occur,

255




. A e

b4, %01

Stainless-steel welds exposed to hydrogen peroxide should
aiso be machined smooth if possible; however, aluminum
welds should not be wire brushed or machined because this
may introduce impurities and thus do more havm than good.
Allowance for good machining will resultl in smooth surfaces
which will cause less decomposition of the hydrogen per-

oxide than rough or poorly machined surfaoces,

Aluminum Alloys, Weldability of aluminum aidd aluminum

alloys varies over a wide range. The sawe procedures and

techniques are employed in welding aluminum and its alloys
as are used in welding other weldable alloys. 1n general,
the lesy constitutents in the alloy, the more weldable the

alloy.

The weldiag ivd L0 Ue s¢ivcted sitouid be of the same compo-
sition as the parent metnl. Unlike other alloys, the
aluminum alloys do not lose any appreciable amount of the
alloying «leweuis during welding. lu most cedes, dissimilar
aluminuw alloys, which cun be welded individually, can also
be readily welded in combinations; the welding rod tu be
used should be of the harder materia' in the combination
(i.e., inwelding aleminuw alloys 1060 and 5652, a 5652 red

would be used). The use of G-perceni silicou rods such

’

&s , Which are commoily used in alumipum weldiug, is
X

[ A 4
[T I )

o

not recommeuded for propellant-grade hydrogen peroxide
service. During passivation and contact with hydrogen per-
oxide, such welds turn black and muy cause decomposition of
the solution., If use of the 43S rod is required, subsequent
sulfuric acid anodization is necessary to stop the weld

frow turning black during passivation, During anodization,
theie muy still be some blackening of 435 welds, out this
discolorationr does nouv seem to be a prior indication of

an active site, Normully, a 5254 welding rod is recommended

for welding of the 6001 alloy to other alloys.
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Aluminun welds should not be wir2 brushed or machined if

at all possible, because iwpurities may be introduced into
the aetal. In instances where wire hrushing is a necessity,
a 3C0 serics stainless-steel brush will be used, and care
musi be taken te coafine the bvashiyg (o the jmuediate weld

arcea,

Automatic inert-gas welding processes, such as the Aircomatic
or Sigma processes, give cxcellentl results when uscd with

the propey welding rod. The welds, inu geuncral, are nouporous,
soft, and uniferm. Electrode tip cups should be of stain-
less steel rather than copper (or other such wmaterials) be-

cause the latter might melt iuto and centaminate the weld.

llcliarc lnert-gas welding is, in geuneral, a satisfactory
process. Although it has many of the advantages of the
automatic processes, it does have the disadvantage of
"gpitting" of tungsten from the tungsten electroede iuto the
weld when the arc is initiated and when the arc is discon-
tinued; these exposed tungsten deposits will cause decompo-
sition of the hydrogen peroxide. The tungsten "spitting"
may be decreased and, in wmany cases, eliminated by using

a purc tungsteun electrode, striking the arc on a separate
piece of material and currying the weld iuto the work,

aud then discoutinuing the arc on a separate piece. For
inert-gas welding, where the welding rod 18 not coated,

it is recommended that strips be cut off the work scrap

and used as the welding rod. Stainless-steel electrode

tip cups should be used,

The weld resulting from the metal-arc process has two dis-
advantages: (1) porosity, and (2) brittleness, These
characteristics are hikhly undesirable in hydrogen peroxide
systems, and for this reason, the inert-gas processes are

usually preierred aud recomwended. The wmetal-arc process
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cal be used, hovever, for structural aluaminum weldiug
(such as tank wupports or ramps,) oud is quite suitable

for this purpose,

Ovyancetyleue gas welding also hos two urdesirable features
(for hydrogen peroxide system welds) when compared to the
inert-arc processes.  Thewe are: (1) the eacessive heat re-
quired causes warpage, and (2) the flua temds to be trapped
in the weld., MNowever, the welds are satisfactory trom a
streagth point of view and, if the veted disadvantages can
be tolerated, this process is acceptable. Oayaccetylene gas
veldiug has been utilized for pipe and gmall parts mude of
aluminum vhen highly skilled and experienced welders are
availohle.  Thin sections can be welded mere satisfactonnly
with this type of welding., Napolitan weldiug flux or its

cguivalent is recomwended for use 1u pas welding,

Stuinless Steel. Tnert-gas and metal arc-welding pro-

cesses are satisfactory in the welding of stainless steel
for hydrogen peroxzide systems. The inert-gas process is
preferred because the juert-gas blanket results in a weld
with less foreign material. In general, thoriated tungsten
electrodes are used, Standard welding procedures should be
used for both of these processes, and it is necessary that
nli welds be of high quality, swmeoth, howogeuncous, and free
of iuclusions and blowholes. Carbide precipitation during
welding mwust bLe avoided by the use of stabilized alloys
such ug 347 or 321 or the extra low-carbon alloeys, 304 or

316.

After au weld is completed, all weld scale should be removed
with a 300 series stainless~steel bLrush, and the inner weld
surface should be ground with a white aloxide wheel to a

maximuem 32 rms finish.
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4.4.3.3

Any justoilation of a flange or discharge pipe at the low
point of a hydvogen peroxide tank should be welded from the
tank interior and ground smooth prior to welding the Lottom

cluosure in place,

NOTE: A carborundum wheel should wet be
used for grinding, or else iron will be
deposited in the wetal surface.

A varrow and thin stainless-stecel backing ring should be

installed ot the weld placement in vertical taunks.

Polishing of stainless steels following welding is genevally
unuccessary but, for certain borderline cases, it may iwm-
prove the compatibility of the metnl with the hydrogen per-
uaide Ly smoothing the wurface. In geuneval, the smoother
surface will provide a lower rate of hydrogen peroxide
decompogition. For wechanical polishing, a wet or dry

paper (aluminum oride abrasive) with a kerosceue labricant

can he used.

Electropolishing of stainless steel has also been cffective
in iwproving the cowmpatibility of steel for hyd.ogen per-
oxide service., For routine hydrogeun peroxide applications,
clectropolishing is not required bLecuune stainless stecl

2o sionn
40 WLOouUs

ot

Ilmited contuci time service

v
L

1y oily applied i1 .
For special applications, electropolishing of staiuless
steel might be justified, aund in such cases, standard

electropolishing techniques should be used.

Brazing and Soldering. Brazing and soldering techuiques

are not recomsended for application in hydrogen peroxide
systems. The joints produced by these methods are usually

incomputible with the propellant,

259



a——— e e o AR o et

L.L.%. 4

b.u.%.9

Mechanical doints,  The cdvantages of velatively lealk-free

all-welded trausfer systews arc obviovus,  bFrowm o practical

standpoint, however, some type of joint, whether flanped or

otherwibe, is 1equired to provide adequate s stem fleaxibility,

Sunll valves and components should be selecved with AN
fiared=type connections,  Large valves and cowmpounents should
Le seleeted with flanged connections,  Tostruwentation con-
nections should be of the AN type, and can be provided by
welding boss fittiugs on large pipelines or by installing

tee fittings on small lines,

Jnspection,  In the construction, fustallation, acd modifi-
cation of nydrogen peroaide systews, inspection is amportant
Lo eusure gquality of muterials; adherence to desipu specafi-
cations; and proper fubrication techniques. DBefore instal-
lation, cach picce of equipment, such as pumps, flea joiuts,

valves, filters, ete., wiil be inspected and tested for:

1. Cleaulincess

2, Proper lubricants (if allowable)
3. wvLcuaknge, 1uterual and exterunl
4. Pressurc-proof test

5. Scalunt and gasket materials

0. IProper operation

7. Yreedom from defects

8

3. Adberence to applicable specifications--type, size,

rating, dimensions, etc.
Piping and tubing sections will be iuspected and tested for:

1. Counformance to design specifications aud buildiig rodes
2. Identity uud quality of materials of coustruction

3. Adequacy of supports; freedom from "cold spriug"

L., Cleanliness

| G
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5. I'roper fabrication workmanship
0. Prvof-pressure amd leak tests

7  Uroper justallation of flea joiuta

Plectrical iustullatiovns and equipment will be fuspected
aud tested four:

1. Couformance to desigu specifications andl applicable

codew

2. Adeguute grounding

3. lInsulation rosistance

k. Circuitry contiuuity and proper terwiuation
5. Wurkmanship and fabricoation technique

0. Proper support of condults and wiring

Instruments (flowmeters, gages, trausducers, ete.) will be
shop tested, and calibrated and certidied with due regurd
to using conditions, fluid deusity, operating range,

waterial identity, vepeatability, cud scaliug capability,

These instruments must be inspected for cleanliucss priovr

tu justallation.

Roads, buildings, structures, etc., should be iuapected

for conformance to desigu specifications snd building codes.

Hydrostatic and/or Pneumatic Tests. All compouents and tauhs

to Le pluced in hydrogen peroxide service should undergo
applicable hydrostatic and /o1 pueumntic proor testing be-

fore they are cleaned aud passivated.

NOTE: Hydrostuiic testing should be
conducted with water,
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After passivation, all proof and leak testing should be
conducted only with deionized or distilled water, or with

clean, filtered, hydrocarbon-freec nitrogen gas or air.

DECONTAMINATION AND DISPOSAL

The initial step in the decontamination of equipment or
facilities and subsequent disposal of hydrogen peroxide is
its dilution with large quantities of water. All facilitlies
which steore and handle hydrogen peroxide should ke equipped
with an adequate water supply to ensure a maximum dilution
of the hydrogen percxide prior to its flush into the
facility drainage system. Normally, dilution to 3 w/u

H202 or less should be completed Lefore the hydrogen per-
oxide solution is dumped or pumped into the dreinage sys-
tem (which should terminate in a large lLody of water).
Further dilution is required bLefore dumping into a public
water table. Under no circumstances should hydrcgen per-
oxide be dumped into sewers or drains that lead to public
water tables, unless tvhis maximum dilution has been per-

formed at the originating site.

FEauipment Decontamination

Equipment being removed from service, temporarily flushed
of residual propellant, and/or being decontaminated of
possible impurities, is normally flushed with distilled

or deionized water. Emergency decontaminations may use
water supplied by the normal facility water or "firex"
(fire-fighting equipment) systems. Once flushed from the
equipment, the hydrogen peroxide should Le diluted further

with facility or "firex" water,
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Facility Decontamiunaiioii

The decontamination of gross spillage or leakage at a
facility is best accomplished through the use of a facility
floor flush or a flooding water spray system. Large-volume
fire hosvcs may be used as a substitute technique, but the
methed of attack should preclude washing concentrated hydro-
gen peroxide solutions into the drainage system ahead of

the dilution water, Ordinary garden-type hoses can be used
for small spills or for rinsing hydrogen peroxide from the

cutside of equipment,

CAUTION: Unless an emergency exists
(and wassive water spray of equipment
is required), care should be taken in
flushing the outside of the equipment
to prevent water damage to the attend-
ant electrical and control systems.

All facility flushing should be thorough and can be con-

ducted with normal facility water.
Drainage

All hydrogen peroxide facility drainage ditches (or other
spillage catch basins) should be open and lined with
impervious acid-resistant concrete. These ditches and
catch basins should he kept clean of debris and combustible
material. The use of the hydrogen peroxide drainage sys-
tem for other chemical dumps should be prohibited unless

an adequate water flow is mezintained to ensure maximum
dilution and drainage system flushing of all chemicals.

The muin drainage ditch should be supplied with a large
water flush outlet at the highest point of hydrogen peroxide
drainage and should be fenced from the facility to the
catch basin. The designr of the facility should be such
that all areas are adequately drained by gravity into the

main drainage system,
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Catch Uasins

Because hydrogen peroxide dumping into public water tables
can be potentially hazardous if it has not baen sufficiently
diluted, most facilities utilize a catch basin which either
stores the water for facility recirculation or acts as a
settling or dilution poud prior to drainage into a public
water table. In either situation, the hydrogen peroxide

is diluted or reacted further vith other chemicals (con-

tained in tlie catch basin) to form water solutions that

are nontoxic.

Final Dilution Requirements

Althongh local, state, and federal codes are not sufficiently
clear with respect to regulation of hydrogen peroxide dump-
ing into public streams, lokes, etc., it has been generally
accepted that dilution to less than 3 w/o ll202 concentration

is required to ensure human safety.

In a Lioassay study counducted by the Academy of Natural

ot

Sciences of Pihiladelphia for II. I, dulont de Nemours and Ce,
(ef. 4.67), a concentration of 165 ppm 0,0, in water at
~70 F (with a dissolved oxygen content of 5 to 9 ppm)
resulted in a 100-percent mortality rate of fish (4 to 10
centimeters long) of the Lepomis macrochirus Raf. (blue-
gill) species, which had bLeen exposed to the contaminated
wvater for a period of 24 hours, The resulting 24-lhour TLm
(maxioum threshold limit) for these species was 05 ppm at

a solution pll of 7 and 90 ppm at a solution pH of 8.5.

Internal regulations used by the Rocketdyne Division of

North American Aviation, Inc., have established a maximum

_concentration of 100 ppm II,0,, for water dumped into public

water tables; these regulations have been accepted by

local, state, and federal authorities.
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TADLE 4.)

STORAGL STAILLTY Ol IWYDIOULN llMUXlDL(l)

Concentration,
weight percent IL,0,

-

| Initial

inal

Containcr
Material

Storage
Time,
months

02 lounfycnr,(z)

weight porceat

Unstabilized 00 w 'y |

[

1,0, (Storcd(}) 1945-1948)

.a

! 90.5 __] 88.0 () 30 0. 254
‘5 0.5 89.1 - 30 0.210
! 50. 5 87.8 - 30 0. 381
‘ 90.3 89.3 - 30 0.10Y
| 90. 5 89.3 - 30 0.109
; 90, 5 8H.7 - 30 0.254

Unstabilized 90 w o IL,0,, (Storcd(j) 11, 1954 to 12,'1955)

91.25
90.72
90.91
88,13
90.91
90.¢1

\

98,59
98.14
gu. &8
95.59
L
QH. 14
QR R
98, 14

89.27 1000 Al 13 0.00
90. 50 1060 Al 13 0.003
90.45 5052 Al 13 0.425
87.5k 5052 Al 13 0.54
90.81 5254 Al 13 0.0%9
90.17 250 A2 13 Q.20
istabilized Y8 w o 11,0, (Storcd(j) 8 1900 to 5/1903)
98.47 &) 33 0.021
97.04 - b3 0.088
98.31 - 33 0.080
98, 28 - 33 0.034
98.3%0 - 33 0.077
97.79 ~ 33 0.001
QY. 34 - 33 0.098
97.43 - 33 0.125

Stabilized Torpedo-Grade 11,0

-

r
| 1

(Storugr(}) Completed B/1902)

90 88. 51 1060 Al 02 0.12
9] 80.75 1000 Al 03 0.20
70 Gy, 32 1000 Al 70 0.0488
- ,

‘l)hatu tuken from Nef, 4.2 (3)

(2)g,

less year does wnot correspond

with concentration change

vy g 2 T g

Anbicnt storage in 3U-gallon
drem (S/V = 0.38 in.~1)
(&)Drum material unknown; assumed
to be aluminum alloy

Lalke [
<72
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A COMPAIISON CF TIL RATL OF DECOMPYSITION OF 90 w o IDDROGEN PLIONLDL

iy il PV

TALBLL &.2

MANULACTUILD IN 1947, 1953, AND 1905¢1)

g

Llfect of Temperature

Temperature, F

Rate of Decomposition (AUL)

l9h7(2)

19533

19054

80

1% per year
1% per week
2% per day

Lffcct of Contamination

9.5 to 1.0% per ycar

10% per ycar

4% per week

0. 1% per yur

1% per ycar

0.02 to 0.0} per year

Decompusition Rate at 212 }

Additive to 90 w0 1L,0,, 19§7(2) 1905(5)
None 2% per day 1€ per day
Al 10 mg/liter 2% per day -
Cr 0.1 mg'liter 90% per day 2% per day
Cu 0.0l mg/liter 24% per day 104 per day
Cu 0.1 mg'liter 85% per day 003 per da)
Fe 1.0 mg/liter 15% per day 25% per day
Zn 10 =g/ liter 108 per day -
Su 10 mg/liter 2% pcr day -

et e e - 1

(1)

under winimum S$/V conditions.

(2)
(3)

(4)

‘Data re

(5)

ported in Ref. 4.1

Data reported in Ref, 4.4

- e ——— 5
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Data reported an generalired criteria from tests using assortied
test parameters and techniques; data generally represent tests

Data reported for 99 v/o H,0, in borosilicate glass containers (tef. &.5)
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