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ber 15, 1953, and Reports 43 and 44 will.be iseued in the near :

PREFACE

A program of fundamental studles of the properties,
formation and reactions of hydrogen peroxide has been sponsored
at M. I. T. since 1345 by the U. 8. Navy, Bureau of Ordnance,
and later the Office of Naval Research. For some time 1t has
beern apparsnt that the growth of basic knowledge of thls chemi-
cal, aes well as the development of various practical applications,
would be furthered by a compilation ahd evaluation in the form of
a monograph of the scientific and technical knowledge available.

S The present report constitutes Part IV (Chapters 9 - 12)
of such a monograph.  The remaining parts (I, II and IEI) bear the
Report Numbers 42, 43 and 44, Report No. 42 was 1ssued Septem-

[ i e

future. The Table of Oontents preaented 1n this report gives a - ]
detalled outline of the materlal praeented in Part IV and: 1ndicazes
the ascntents of the other three parts by listing the headlngs of
the chapters whioh each of them will contain.

Literature appearing up to August 1, 1953 has been

oonsulted in the preparation of Part IV of the monograph. It

has not been attenmpted to cite every rsference on hydregen perox-
ide, but all pudblications which appeared tc the authors to have
gaome preasent-day usefulness are quoted. Patents have been treated
in the same fashion as other publications and 1t has not been
attempted to prepare an exhaustive list of them.

Arrangemente have been made fur thls monograph sub-
sequently to be published in hook form. The authors will appre-
clate errors being ocalled to their attention or reoeiiing the
gsomments of readers on the material presented.

Walter C. Schumb
Charles N. Batterfleld

November 1, 1953 Ralph L. Wentworth
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CHAPTER NINE

el o ; STAB“;‘ZATION R

It has beeﬁ well established by the work of various
***inveatigat&rs that pure hydrogen peroxide, or aqueous solutions
thereof, in the absencé of ocontaminating catalysts and in a
- thoroughly clean container of non—eatalytic materlal, 18 a very
atable materlal, even at temperaturee of” 50°c.,or aohawbnt himher.
"At 100°%0., deoompoeition td the extent of about 2% in 2k hours

-

’ \aﬁd the heat~released causes the oonoentrated aolution to boil.

,?known to be very low, the attainment or such 1dea1 conditiona
a8 perfect purity and the absence of all catalytie effects fron -
}the walls of the oontaining vesael or rrom digsolved or suspended

”:1mpuritiea, ia, of course, praetica]ly 1mposaible, ‘and the best

- avallable data on the intrinsic stability uf hydrogen peroxide
must be considered only as approximations to those ideally at-
tainable.

Representative data, obtained with high quality un-
gtabilized hydrogen peroxide, indicate a decomposition rate at
5o°c. of 90% hydrogen peroxide not in excess of 0.0010 percent
per hour and possibly significantly lower than this. In the
presence of a small quantity of a stabilizer, such aa sodium
stannate, or 8-hydroxyquinoline pyrophosphate, this figure may
fall to the order ¢f magnitude of 0,0003 percent per hour at 50°C.

- ;,ﬂee\been sbaerved for 90 wt, % hydrogen -peroxide (1). At room ?
.~ . .. temperature, 90%- hnatabllized aqueous solutions have ‘been kept 'ﬂ"éf“

) “m_;;%!i: rar mmnv months with less. than pr X aecraa:e in the E}drogen per-f”i*jji?

?~5;#¥4*~w~-6xid& contentarm Huwﬁt%vv tba~rata Dfrﬁeumﬂpﬂaéxéﬁnwiairttil! L
S TN Sr-S e e : : L g , iy P N
: i

PR —:fAlthough -ag’ atated the-rate of decomposition of parreotly pureff — =

Sae gt




- moet ooncentrated sclutlions.*

‘e ecorresponding value at BOOC. would be approximately 0.00006
percent/hour, or about 0,5% per year. Careful measuremente on
unaetabilized hydrogen peroxide at lower concentrations, obtailned
by dilution of the purest avallable concentrated solutions with
very pure water, indicate that the percentage decomposition

rate increases but glightly over the range 95 to 40% hydrogen
peroxide., However, unless the dilution water i1s rigorously
purified and great care exercised in the dilution brooedure—to—m
avold access of contaminants, the deeompoaitién rate-o} the
diluted material may show a marked increase over that of the

“3f A coneiderable numbar ot compounde, both organic
and 1norgan1c, have been recommended as atabllizere to be
-gdded _in émall amounts %o 0_hydrogen peroxide solutione, and
& numibar of ;nvest&gaticns of their- oomparatlve erteotivenesaea

_ have been reported (3, ?) Theae studigs are dleeuééad rn o
'J,_later section. ) ' L : : - PR

[
"

Solutions of 85 - 90% hydrogen peroxide are' ‘not

: sensitlve to’ agitatlon or -to mechanical shock--even: bulleta

shot" through .the solution have fatled to detonate 1t.'*

It 1s common knowledge that the decomposition rate
of hydrogen peroxide is markedly increased by the presence of

—minute concentrations of certain catalytic ions, particularly

of the metals the lons of which can exist in more than one

oxidation state--such as Fettt cutt orttt.or by suspended

- R em em e wm m En mm e m M e em  mm Mm M e e ss A ma wm e em W ew e W we  wm

* For example, Giguére and Geoffrion {(2) obeserved that when 90%
unstablilized hydrogen peroxide was diluted with redlstilled water
the solutions so obtained invariably showed a marked tendency to
decompose, 80 that a small quantity of sodium stannate had to be
added in order that measurements of refractive index of the solu-
tione could be carrlied out.

## The explosive characteristics of peroxlde solutions and of
vapors contalning hydrogen peroxide are considered in Chap-
ter L,

A g




. T ne preeervative was required oﬂpeoially at Iower temperatures

3.

or colloidally digprereed catalytic matter, or by the walls of
the container if they contain catalytically active substances.
Thia laster heterogeneous decomposition prooeae may even be
- on the inner walls of a glags eontainer. At times streams of
minute oxygen ‘bubbles may be obaerved to isaue from a 1’iny
point on the eurraoe of ‘the contalier, whieh even under the
microaeope revedle no irregularity or difference in appearance
rrom the reet or the eurraee. Horkheimer (4) studied the S
stability of dilute hydrogen peroxide solutions in glaae veseele
and ooneluded txat the nature of the dietilled water employed and
the quality of the glaas eonqainer were ohietly reaponeible ror
~the abserved “results, - -and- thqt With glaes of the *higheat puri‘ay'l

j
gl s

**ihiamonnne&tien;‘%he sﬁt

.”
Wop TRl AR

|
|

. o i v

| pararrin, wae studied it room temperat&re by Ivanbv and Dochik-“’7

- Jan (5),- among -others., These investigntora found: that' the .con-

,4;: eentration of the peroxids deoreased'In a u—monthe' period rrom_

an original 2.93% to 0; ozﬂ in élear glaee, to O. 485 ‘4n brown
 glase and to 2.71% in parrat*nklined glass, either clear or
brown. The alkalinity imparted to the solution. by eommon sodg
glass, together with any roughneae”o?hihe glass surfaces, is
doubtless responsible for the nearly complete decompoeition shown
by the samples in the uncoated glass vessels. ;

Paraffining of th~ zlaes surface, however, is not a
completely satlsfactory preventive for decomposition of peroxide,
especially at higher concentrations (6). For storage of hydrogen
paroxide at ordinary temperatures, the use of paraffined glases
has largely been asuperseded by bottles of polyethylene plastiec,
which is well suited for this purpose.

= el el Rl
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DETERMINATION OF THE STABILITY OF HYDROGEN PEROXIDE BOLUTIONS

Direot Analxeis of Hydrogen Peroxide Bample

The simplest method of” determining-the rate-of-decompo=—- - — - ——— |
sition of a concentrated soluticn or hydrogen peroxi&e at a
given temperature is-to analyze the aolution, ag by titration
with a standard acid solution of . potaaaium permanganate. at—
the beginning and end of a. meaeured interval of time, The
'f=reaotion involVed in the analyaie, ag pointed out in Chapter 10,7 P
2 Ag i':dioated by the equation.; *_,__‘,,ii;f;v L E

itk b e J B B s Y

i

)
R

L ) . R . .
4 — " - - : < . N . N .
- - . B w a . . . R |

N T e T

) Thie method. glves aa,tisfaot YT ey

R B i

TEnge" 336YKEEW$BB#E~lferGE~Gﬂmpeﬂa&uxjhjuﬁ wuiah tng,pg;e i
T oT BeosEDPRAtLoR I s veby. 1§VT~omwinﬂti:mhelhanoilaggeiggggg%
'f-tﬁir\\ in oomneentration’ ooourt 1n.either of these casezs, the-gal ”l
*444¥?*—f~tion method deseribed below may be impractical. Por preoiee data,
: ~ ‘'attention must Dbe given to_such errors as temperature vartation
i "and the loss of hydrogen peroxide and- particularly water from - - -
o the solution by evaporation. For example, in tests at sub-
stantially elevated temperatures it is desirable to surmount © -
o= “the gample vessel with a gsimple air or water-o ooled ocondenser
’ to retain water and hydrogen peroxide which would otherwise be
carried away in the vapor form with the oxygen evolved, It 18
aleo possible for a gample to galn water fronm the surrounding
alpr if the latter 18 pufficiently moist and the hydrogen per- :
oxide is highly concentrated. For further details of the ; -
analytical procedures applicable to the determination of hy- ’
arogen peroxide, see Chapter 10.

5 gt d 4 11 s R

i

Gag Evolution Method

Another method of measuring the decomposition rate
of hydrogen peroxide which has proved to be conveulent and
reliable, especially for 1gboratory testing, is the gascmetric
or gas evoluftlon method, carried out at a temperature selected

g0 as to provide a gatisfactory volume of oxygen gas formed in



5.
a csonvenlient time interval by the decomposltlon reaction:
2H,0, —» 2H,0 +0,. The apparatus (7) employed is represented
in Figure 1. The oxygen.is collected in a gas buret over mercury®
and from its volume, oorfected,to-a;andard conditiona, the amount - ---
of decomposition suffered by the sample of hydrogen percxide may
 be caloulated. The decomposition rate, so determined, may be
ffexpreeaed in several waye; frequently the percent. or the hydrogen
peroxide originally preeent in the eolution whioh haa been
decomposed per hour (or day or year) at a known temperature is
_ . _calculated. Thua,n,high grade, unatabilized 90 wt. % hydragen R

, —peroxide golution may ehow a decomposition rate at 50%0, 0 - - - - -

about 0.0010 percent per hour’,by which statement it %. implied
"that 9. 001% of the number of nbleculds of H,0, ori _gglix pressnt
‘f Ir ‘the. ratv‘is”!urftﬁ nt y small tha"‘*‘f*if

ad lat tﬁe rate of 1 péﬂOCht‘per hour in | |
 the -aontent of hydrogen peroxide in an originally 50 wt. % solu~ . .-

tion:would lead in 1 hour to a solution of 49.5% K oz, and not-. . 4|

. mo L9, Oﬁ HZQZ.Alternativaly,the number of co. of oxygen gas

(expreeeed at standard pressure and temperaturs) evolved perfgram — it

or per cc. of the solution during a ‘specified tlme, auch as 24 or
48 hours, at a specified ‘temperaturs, usually 50°, 55°, 60°, or
1¢0°¢, may be used to express the rate of decomposition of the
hydrogen peroxide.

It 48 worthy of note that the graphical representation
of decomposition ratq data for different hydrogen peroxide con-

# Abvout a milliliter of wauter may be convenlently placed above
the mercury in the buret, so as to permit the gas collected to
become saturated with moieture at the temperature of measure-
ment. For low decomposition rates a microburet (preferably
water-jacketed) is required and capillary Pyrex tubling connects
the sample contalner ?placed in a thermostat at the desired
temperature) with the buret. Measurements are usually taken
only after from four to sixteen hours' standirg, 1ln order that
supersaturation effects may be relieved and so that conslstent
resulte may be obtailned in successive determinations.

vl -ﬁLL.. I\
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4.10 ml. MICRO BURET WITH 10. STEEL ROD FOK SUPPORT I5b WATER INLET TO BATH
WATER JACKET OF LEVELING BULB I8¢ OVERFLOW
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3 R A aos Ii. RUBB ING 15d RUBBER STOPPER WITH

JOINTS 12, STIRRER MOTOR VENT
7 MANOMETER I3 PLUNGER TYPE HEATER 16, PERFORATED COPPER PLATE
' |4. MERCURY REGULATOR FOR SUPPORT OF FLASKS

17, THERMOMETER (0-100°C)

FIGURE |-~ APPARATUS FOR DETERMINATION NE DECOMPOSITION RATE BY GAS
EVOLUTION METHOD




fﬁ”»~to remain uﬁ‘hﬁng&d‘uvsr*tha pariod‘vrfmeaaurementgfas may —w~«;i~,rf‘

e e . " e -

7. .
centrations by these two alternative methods may lead to curves

of different forms. Thuse when decomposition rate is plotted
agalnst concentration of hydrogen peroxide the second method

""" leads to a turve with a flat maximum, which-is lacking in the — - ——=—

pPlot obtained by the firat method (7). (Bee Figure 2.)

Biaoussion of Methods rop Determining Stabilitx - ' o o

, - If the decompoeition rate of the hydrogen peroxide‘f
' aolutlon is of the order of 0.1% per hour at 50° C., ox greater.;

the gas evolution ‘methed od becomes 1mpraoticable,'ma1nly because L %
\é’

the volume of gas" tobe- meaaured 1ncreases too0 rapidly to be

measured eoqveniently. In thie case, alao, the concentration S - 3

or the hydrogen peroxide solution no longer can be oonsidered

«I\‘

5

" uhe ehbiae 5! Aeomewhat h&gher temperatnro ror nhe thar HERS
bath may be advisable in order that the volume of oxygen col—

- v lected In*“russonabla\period of time-may not be too— small tof~4=——fi

be measured with accuracy. For hydrogen perotide aampiéé of -
‘average atability, temperatures of " 5o°c. or 60°C. are convenient. .
For industrial research purposes an accelerated test atV'lOO"Gf

for 24 pours has been much employed, but the constancy and

reproducibility of meaauremente carried out at so high a tempera-
ture may be found to be somewhat inferior to those obtainable at
lower temperatures.® :

8ince even under favorable circumstances reproducibility
of measurements carried out in different flasks is sometimes 4iffi-
oult to attaln, due to the capricious character of some of the

- wr G mm PR o e e R am Em ae e e e @R @ a4 W em M W W me T WR e we ™ wm  m mm e

* German investigators frequently reported a "Z number® (Zerretz-
ungzahl), . which was theopercentage of the peroxide decomposed
n & 20-Bour period at 96 C. It is probable that this tempers-
ture represented that provided by a steam-bath under prevailing
laboratory conditione. The change in the percentage composition
of the peroxide solution in thle case was determined by titration
of samples with permanganate solution at the beginning ard at the
end of the test period,
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errors which may be enocountered, it is essential that a sufficient
number of duplicate samples be employed in carrying out measure-

As carried out under usual 1aboratory conditione the

 effeot of diffuge daylight upén the deeompoeitlon rate of hydrogen N
" peroxide solutiona is small enough to introduce no significant '

error into the reeulte obtained. It comparative. meaeuremente are

:—,~to be carried out under o@nditione of 111um1natioh which are ~~
*;variable in 1ntensity orurrequeney, thie eituation may introduce .

an appreoiable eod;oe of error, eepecially 1: rrequenoiee 1n the

B ultraviolet range hre 1nvolved An scme of the experiments. Pro-+ M\ \
,?~v1910n ‘has-been- “made 1h aoqe cages ror eerrying ‘out- the. meaeure- X '
“menta- iIfh‘cUmplete e;ﬁlﬂ‘lon ‘of Ilgﬁf * - The reeulte'er meaeure-

'r=‘f,;:'men’a‘“ “of kHe vate of Jecomposition Qf..,u.netebl_li_z_gﬂ__ﬁ? yogen:- pfﬁxid‘e—

egluggggeea$hsech,ee",imneiignme;‘eeneentraﬁ@gg; AP, shewn B2 ph—
1eally xn_Elgure'B 0l >;;} TP ',,,4“ o ifji

As above 1nJicatﬁd where the deeompoeition rate 1e ‘too
htgh—te‘be_meaeﬁfedféeeur*teiy“by the’ gee evolution method, the
titration metlod may 8till be empioyed For example, etartlng with

" a sample of known weight and concentration of hydrogen peroxide,

held at a constant temperature, portione may be withdrawn after
- measured 1nterva1e of time, rapidly weighed, and then 1mmed1ately

frozen in a Dry lce-acetone bath 80 as to reduce the decompoeition
rate to a negligibly small value. The test portions may then be
trans’erred individually to a volumetric flaek, and after making
up to the mark, portions of the diluted solution may he taken for
titration with atandard permanganate solution in the presence of

" sulfurioc acid. From these data the loss of active oxygen may be

caloulated.

Alternatively, the original sample may be divided among
a number of small Pyrex or quartz tubes (each containing, for ex-
ample, about 1 ml. of solution, accurately weighed), provided with

* The protective action of colored glasa vessels a8 containers for
dilute and concentirated hydrogen rerozide has been discussed by
Buchi and Kurer (8).
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evound-glase caps and ocapillary vent tubss., The tubes are
withdrawn at various times, one by one, from the constany
'"‘f“f"‘—*temparature"bath:—~anh-1a~oh&lled-and %“he hydrogen perocxide
' ‘content determined by titration as before. Knowing the quantity
of hydrogen peroxide present in the ornginal sample, and assuming
o that the initial decompcsition rate in each of the small tubes
= _wae identical, ‘the titration data make possible the caloulation
o of the rate constant rer the decomposition reaotion under the

) o i;fLu..~n_ Another teohnique 18 to- contain the -sample in a’ nmall
‘*;?Tfif tube*provided with' a_oap having a terminal 1ength ‘of ‘capillary.”
3 Thie acts-as an air-condeneep to remove water or paaaibly alsof

f;k;’ o , rate ot hydrogen paroxide deoomposition ean be“oaloulated

i

ABE or m:waiﬁ

Whene the decompositlon 16 conveniently ‘8low,
gas evolutioﬁ/method may also be modified ao as to obaerVe the
'change in gressure of_the oxygen produced at conatant gaga volume.
In thie case a manometer takes the place of the gas buret and a .
rleveling device 1s used to bring the confining liquid in the
manometer always to the same point in the arm directly attached
~to the sample tube. Eip§r1ence with this arrangement has re~
vealed 1little adVantage-bver the more conventional, constant
pressure method; and at higher decompoeition rates it likewise
becomes impracticable. T T T/ T/

The gasometiric determination of the decomposition
rate of hydrogen peroxid: lends itself to a certain degree of
instrumental automatic control, to lessen the number of manual
and visual operations regquired, especially where a large number

of determinations is required., Buch instrumentation, however,
is hardly justified unless a routine program of considerable
magnitude and duration is involved.
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Other attempts to simplify the determination of the
hydrogen peroxide content of agqueous solutions have involved
the measurement of phggige}_gfepegpiee, such as the refrae§1Ve

index and the density of such solutions. Ir the solution is known
~ to contaln esaentially nothing but hydrogen peroxide and water,’
and if the temperature of the solution is carefully controlled,

. ssourate’ measurement of the refraotive index or of the density

~of the solution may ‘be used as a method of determining the con-~
centration of the. peroxide (9) . ST

s 'EFFEOT ON STABILITY OF SURFACE-TO-VOLUME namxo S
Lo AND NATURE o\

SURFAGEB . AR

N roughly proﬁortionel %o the ratio of sirface to volume over a
o eoneiderable _range; i.8., the heterogeneoue deooppoe;tion—reaction

‘on the. walle of the container ie -usually far faster than the
homegeneoue decomposition, in laberatory-eize veelele.

In Figure 4, which represents the reeulte of experiments

~ oarried out ggfunetebilizeg!_§9$ hydrogen perogggglﬁundegbooqgg-

tions permitting a six-fold varliation in the surface-to-volume
ratio, it ie clear that, whereas the curve is roughly linear in
the higher ranges of s/v, it flattens out at lower ratios to an
approximately constant value, approaching 0,00l percent per hour
at 50°G: In the ideal case, where no dissolved or solid catalysts
were present, this lower limit should represent the value of the
homogeneous decomposition reaction rate of a pure hydrogen per-
oxide solution, below which it cannot be hoped toc go at the tem-
perature aspecified., There 1s reason to belleve that under con-
ditions for which the s/v ratio ie small (as in a large storage
tank), this limiting value approaches zero. In any actual case,
where some heterogeneous catalytic activity 1s to be expected,
the minimum value will exceed the true homogeneous reaction
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rate.* The ocurve as a whole would be displaced downward in
the presence of stabilizers; as previously indicated, minimum
decomposition ratées at 50°C at least as low &as 0,0003 perecent™ ~—7° = 77
-~~~ per hr. have been observed. These represent more olossly the — ——

actual value of the homogeneous decomposition rate for a pure

hydrogen peroxide solution (90%) at this temperature. In the

‘case of the curve shown, small amounts of catalytic impurities

picked up in the laboratory handling of the samples were no

- , ’ doubt responsibla for a minimum reading as large as 0. 0015 per hr¢7;7 ;-%* -

- In"the 1deal 0aae of complete purity or the solutions,
1t 1s not unreasonable to expeot that the-intersection of the

4~ ourve with- the ordinate -axis_ may come olose to the origin. _
- = o -

e The surrace~or ggé ccntainerw ~ ,f;~;ff7444‘f4fu~~4~ﬁ~~a B

o e L L A IR P

FYEIRrNry 2 ﬂﬁ%ﬁp—t‘uq.m tp
: S
i

s - stabllizers are. added When the. heheroganeous deoompositi@n
ToE o reaotion has been eliminated as farias possible, there remﬁina
the homogeneous- deoompositian reaction, the rate of whioh, .
stated, is known to be exceedlngly low at ordlnary temperaﬁures
for the purest obtalnasble samples, but is very sensitive to the o
“effect of various catalytic dissolved substances, and to the - - i
acildity or alkalinity of the solution, %+

ul‘%

S

— * It 1s of interest to locate on Figure 4 the values of
the abscissa which correspond approximately to some common
laboratory vessels in whioh stability measurements are made.

The ratio of surface to volume for a sphere of radius pr ls equal
to 3/r, and for a oiroular oylinder is 2/r (if the area of the
ends 1s negleoted). The figure locates s/v values corresponding
to eirocular oylinders of 1.6 om (test tube) and 5 om.(beaker)

s in dlameter, and a 5 om. diameter sphere (flask).

** At least as early as 1894 1t was pointed out by
Wolffenstein (10) that a solution of hydrogen peroxide, free from
alkall or traces of heavy metal compounds, possesses a considerable
Gegree of stabllity and that 1t may be distilled and concentrated
without appreclable loss by dscomposition. This stabllity of
pure hydrogen peroxide was appreciated by still earlier workers,
as far back as Thenard,
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Pyrex glass has been found suitable as a contalner
material, after a thorough oleansing with concentrated nistric
___aciaq, rollowed by rinsing and leachlng with hot conductivity
_Qater. Pure metallic aluminum, tin, magnesium, or certain
magnesium-aluminum alloye, and certain stainless steels have
a minimum catalytioc effsot on the decompeseition process, and
are of intereat as materlals of construction for storage tanke

for hydrogen peroxide (see Chapter-4).

~In the case of metallic aluminum, the:errect of im-
purities in the metal may be.seen-in the fact @hat the rate of
decomposition of 70% hydrogen peroxide at 3o°cﬂ wis doubled when

99.0% aluminum was substituted for the pure meﬂal ‘as the con-_
tainer. A8 little as half of 1 percent of 1mpur1t1es in the

.Q*;,metal causes-a dlatinet rise- in the-decomposition rate. otmhydro—fr.~'

'in a more perfect soating- of the surfase with alumxnun oxide,
followed by- heatlng with water %o seal the pores, results in an
‘improvement in the behavior of the metal as a oontainer for hy—
drogen peroxide solutions. However, - this prooess 19 not eon- -
veniently applicable to the conditioning of large—eoale”storage?
tanks. A satisfactory oondition of the aluminum itner surface
of large storage tanks may be attained by fllling the ocontalner
" with 1:1 eoncentrated nitric acid (@ometimes preceded with a

preliminary socaking in caustic soda solution), whereby the metal
i8 "passivated" through the formation of an adherent oxide film,

On a smaller scale, certain plastics, such as polyethy-
lene, also have been employed for storage. When used alone, such
containers have shown satisfactory performance at room temperature.
At temperatures appreciably higher than this diffusion of the
liquid through the plastic may rander this materlial unsuitable
for the purpose.

Coatinge of various resistant substances have been
applied to the walls of metal containers, but the danger here
lies in the preoesibility of pores or fiecsures in the coating,
with the resulting danger of contact of the hydrogen peroxide

|
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i with the underlying metal. Descomposition of the hydrogen psr-

‘ oxide then causes the coating to be stripped off. Even a ¢on-
tinuous plastio coating is unsatisfactory, elnce 1t may be
permeable to hydrogen peroxide diffusion, and may alowly e~ ~

- - come stripped off by the same mechaniem, T -

= ' The 1mportanoe of the surface condition of the contaln-
ing vessel, in its effeot upon the stabillty of hydrogen perocxide
7 golutions oontained therein, can be seen not only in the fact that
A — - under most circumstancees the heterogeneous decomposition of the ___
| ’ peroxide is reaponaible in very large part for the extent of

T lks*i' otherwise. catalytically active, to assume an 1nact1ve or paseive

o - v

decomposltion observed, but aleo by the ability of certalin metalsr

o : o state toward hydrogen peroxide solution when suitably oonditioned._j'

I o, S “In thig connegtion, metallie 1ron7“ﬁhioh JHag been

i tion of even 90f hydrogen peroxide when lowered into the peroxide
E R - solution. However, once the passive coating has been abraded at -a
given spon activity is rapidly restored over the entire aurraad,
80 that contact with oonoentrated hydrogen peroxide solution 1s\no
longer possible without immediate vigorous decomposition of the
___ _ hydrogen peroxide.

drm e e e ne

o In a similar fashion, paseivation of the iron by 1mmerslon
\ ’ ~ in a dilute solutlion of a soluble biochromate, followed by careful
- rinsing, brings about passivation of the iron, so that it fails tu
arfrect noticeably the decompoesition rate of hydrogen peroxide with
which it may have been brought into contaot, even arter many hours.
Abrasion of the surface film of the iron, passivated by thie means,
- renders active only that part of the surface which has been
seratohed through--the remaining surface maintaining its passive
oondition. It may be inferred from this result that the chemi-
sorbed chromate groups covering the surface of the passivated
metal are oriented in such a manner as to present to the solution
an essentially continuous layer of oxygen atoms, which scoreen the
underlying chromium from direct contact with the hydrogen peroxide
golution,

e *passivated by immersion.in oconcentrated nitrie acid ~and_ theﬁ V‘W:u l
o oautiauely rinaad with dietilled water, &auses no viaible decdmﬁasi-J

‘ -&,1.
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Further aspects of the compatibility of hydrogen per-
oxide solutione with various materials of construction are con-
sidered in Chapter 4. . . o

STABTLITY OF CONCENTRATED HYDROGEN:PEROXIDE

" In considering the avallable stability data on very
ooncentrated solutiona of hydrogen peroxide, it ls of interest
to recall the careful quantﬂtatlve studies: or various phymical
~ properties of such solutions, as well as of ¥ pure hydroger: per-
.- .oxide carried ous by Maase and co-workere (11) which were- pos-
.-slble only ‘becsuss of the high degree of stability of this auh-‘—
* stance in the absence of contaminanta. _Regnault and LeNoir de ~

Garlan (12) also prepared hydrogen peroxide of a guffiolent- degfee o

Tof- sfabiilty to attain neariy.100% conceniratien by evaporation of

j 7+ j commeroial/ f100 to-130~-volume" -material to about 6Q£[£1gnogen pep=-
;-”F ;‘oxﬁde. rollowed by rractional distillation in Pyrex apparatus.

I DT e T

Hore reéently Shanley and Greenspan (1) reported the =~ -
- rollowing &ata on the rates of descomposition of 90% unstabilized
hydrogen peroxide at temperatures ranging from 40° to_l40°0.. ;
‘at 30°, 1% per year: at 66°, 1% per week; at 100°, 2% per hour;
at 1uo°, rapid decompoeition with bolling. They pointed out that
"no attainable pressure has any noticeable effect upon the rate of
decomposi tion, and that probably the only additive which actually
decreases the rate of decomposition in the homogeneous uncatalyzed
reaction 1g the hydrogen ion, as indicated in the equation:
HOOH —>HT' + ODH™, for which the equilibrium constant was given
by Evans and Uri (3) as K = 2.24 x 10"12at 25°C, There is some
reason to question the complete validity of this interpretation
of the effect of hydrogen ion, as will be made evident by the
disocussion presented in a later section (p. 34). However, bthis
interpretation of the effect of added hydrogen ion is in line
with the assumption that addition of astabilizers in general
serves to nullify the influence of catalysts which may be present
in the solution, seince it is well known that in the presence of an
excess of OH 1on the stabillity of hydrogen peroxide declines rapidly.

el diudbudet. s
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EFFECTS OF CATALYTIC IMPURITIES ON STABILITY

The effects of the addition of emgll proportions of
varlous metal lons are shown in Table 1,
TABLE 1
EFFECT OF ADDED IONS ON THE DECOMPOSITION RATE
OF CONCENTRATED HYDROGEN PEROXIDE, -
FROM BHANLEY AND GREENBPAN (1)

E ~ Added Amount Added, S 3 Or:ginal
-7 Ion _ ng./1 - Aotive 0 Lost
' o - | in 24 hr, at 1007 C.
None . 1 —-— o L2 ' : -
ni’;; ] S T
_Enll i 0. - B R
zn 4; LR .__.:»;A__. - 10. (DU - :1 . .._‘A,‘lo‘.—“ L — 77"’7 o )
m‘ii e e S I o e AR e e o
- T .,Z—cu«‘ +r . L g gl R B i P g;’ e LR -
. Ve I ST ==
W,fapf+f N 0:l .96

 The effect of variation of the quantlty of catalyst .
present (for example, ocuprio ion in Table 1) upon the raﬁe of
deoomposltion of a flxed. apount of hydrogen peroxide is, as would-
be expected, to bring about an increase in the rate of decOmposi-
tion as the concentraticn of catalyat 15 1ncreased.

As a rule, metals are less aotive catalysts than their
oxldss. For example, bright copper may have an inappreciable
effect upon the stability of concentrated soclutions of hydrogen
peroxide for A time, bdut ag soon as its surface acquires a minimal
coating of oxide, a rapidly increasing rate of decompositlon 1is
observed., Oxides of certain metals are among the commonest decompo-~
sition catalysts for hydrogen peroxide, Oxides such as Agzo,

Mnoz, Pb0, and ijou react intensely with concentrated hydrogen
peroxide. Oxides of certain other metals, such as aluminum, tin,
zinc, or cadmium, have no appreciable catalytic effect upon the
rate of decomposition of hydrogen peroxide, and may indeed serve

a8 stabilizing agents. It is obvious that ths fineness of divigion
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uf the solld particles and the consequent surface exposed have
a controlling influence upon the observed reactlon rate, as !
1= - - have the purity and the surface oonfiguration of the solid. : - -
(Catalytio decomposition of hydrogen peroxide is conaldered
in more detail in Chapter 8.)

, In addition to the temperature and conocentration of
the solution of hydrogen peroxide and the presence of catalytic
1mpur1t£es, other factors as previously 1nd10a+ed bear upon the
observed rate of decompoélffbn 1nclud1ng the pH of the solution--
considered in greater detall below; the wall effect of the con-
; _taining vessel, including the surface- to-volume ratio; and the
E R ‘effect of radiant energy, such as ultraviolet ¢1ght. ¥hen

samples of 90% unatabilized hydrogen paroxide, contalned in

4
. n T .. glass vessels,-ara 1lluminated by Airéot sunlight, they may. .- . . . . Al
r

1 — ———

S —undergondeoomp_sitidn to the extent ot about lf per day @t - -~ -
Toom temperature, and - propor%ionally higher percentage decompo- -
eltion 18 poseible by exposure to more intense illumination, T BN
Gcn091Vab;ybgnfgfgggtﬂor'agitation of the solution also might-he 2
antioipéﬁed, but over a wide range no such effect has been noted, L , i?
" Shaking a solution of hydrogen peroxide may cause bubbling to e
oocur;, due to the release of supefsaturation with oxygen; but
1 - this result is not due to an increase in the decomposition rate —
~of the hydrogen peroxide. '

In this gonnection it ahould be pointed out that, al-
though 100% pure hydrogen peroxide, free of all admixtures, has
been described as sufficiently astable at ordinary temperatures
as to resist shock and projectiles, mixtures with fuels, such as
alooholae. may be explosive.*

Mixed Catalysts . i

An intereating aspeot of the catalytic decomposition i
of hydrogen peroxlde 1s concerned with the effect of mixed cat-
alysts, In the case of s0lid catalysts containing certain mix-

* For rurther detalls on the exploslve characterlstlce of hydro-
gen peroxide aee Chapter &4,
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tures of co-precipitated hydroxides, it hLas been observed that
the effeot of the mixture was in some cases much greater than
the sum of the effects of the oxides when applied separately.
Likewige, if to a sample of 904 uUnstabilized hydrogen peroxide

a ferric ealt solution is added,
tion to 0.1 p.p.m. Fe't™

, and if,

equivalent in the final solu-
similarly, addition is made
of a cupric ealt supplying O.1 p.p.m. of Cut™¥, the observed rate

of decomposition of the peroxide at some fixed temperaturs will
be found to greatly exceed the combined rates of decomposition
singly catalyzed

~ of the same hydrogen peroxide solution when
_with the reapective contaminahts under like
behavior 1is ghewn 4in Figure ;.

Other pairs

may show gimilar results, but the efrect is
aerved as, for example, 1ln the qaae of the

oonditions.

This

of catalytio agenus
not invariably ob-

addition of a mixturel L
of ‘salte supplyihg ferric. and~8ilﬂﬂﬁ~$0nﬂw Wheﬁﬁ*““"“““*‘“al"”” e

a.rmreaaa in the rate of danampnanmn above ‘the sum oL tbr

separste effents, was ubaerve&.

]
II M1 .‘l
|| " _

Iin a study of the oatalytio effect of various simple

" metal cations upon the decompoaition wf hydrogen peroxide, Uri (15)
observed that the presence of chlori&h ion with these'metal cations

"resulted in an inerease in the rate or deoompoaition to about forty
times the original value.

sevond catlon.

In this case the promotional effect is
therefore brought about by addition of an aniom, rather than a
The interpretation suggested by Uri assumes the

mechanism to be ¢f the frese radical chain type.

Periodic Catalytic Decompositicn

It ie alsc noteworthy that the catalytic decomposition
of hydrogen peroxide in moderately dilute solution (of the order

of 1 to 10 wt., % hydrogen peroxide), and within a certain range

of pH,

tion,

in the presence of meroury, 1s subjeot to a remarkable
periodicity, resulting in a rythmic, pulsating evelution of oxy-
gen alternating with periods of practical cessation of gas evolu-
The first observations, reported by Bredig and Weinmayr (16),

were made upon a 1% hydrogen peroxide solution kept in contact with

mercury,

samples belilng titrated at regular intervals with potassiunm

LA e g

arikdin, g1
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permanganate. The titration curve indic.t.d a periodic decomposi-

tion of the hydrogen peroxide. A simple observation of this

phenomenon is pogsible by covering sbout 1 ml, of mercury in a

tube with about 10 ml. of 104 hydrogen peroxide. Under favorable
conditions the périodlic evolutlon of clouds of emall bubbles of ~~ -

oxygen ls etriklngly evident. However, the presence or abgence

of minute quantitiee of other substances may have an important

effect upon the appearance of the periodic effect. Thus, addi-

i tion of alkall to the extent of 0.0001 to 0,001 M in concentra-

tion was found to be most favorable, while sodium chlorlde a% a
dilution of 2 x 1078 N had an inhibitive efféct. If carried out
in common goft. glaes veasels, a sufficient degree of alkalinity

‘may be ‘attained by allowing the solution to stand thereln for :”r_—*rr

eeveral hours prior to- the onset of the pulsationa.

o C v Antropoff (17) and Fredenhagen (18) atudied. the:

“%ion of Ah ﬁil&% rilm, periodinally oovaring the Eerbnry BUrLase
and alternately redissolvlng, was responsible for. the phenomenon,

. which 18 also desoribed by Hedges and Myers (19) in a monograph

devoted to physico- ohamical perlodioity of various typee.ﬂ These
authors describe other cases or;o§talysie of the_§ecompqeition of
—hydrogen" peroxide which under guitable conditiond may exhibit
periodicity. Among these is the interesting case of periodieclity
in a homogeneous system, as repofted’by Bray (20), who-studied—-
the decomposition of hydrogen peroxide by iodine. The decompesi-
tion reaction ig catalyzed by lodine and iodic acid, which enter
into such reaotions as are indicated in the following equations:

5H,0, + I, -—%>2H103-+ LH,0

and 5H,0, + 2HIO > 50, + 12+ 6H20.

3

In the presence of certain concentrations of sulfuric acid the
solution is observed to become periodically darkened by the setting
free of 1odine, and oxygen slowly diffuses out of the solution.
Although this caese is reported as one of the few instances of
periocdiclty observed 1in a homogeneous solution, it is also possible

-
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thet the process may be subject to control by surface conditions,
such as arise from the part played by the walls of the contalilning

vessel.,’ T e .

EFFECT OF TEMPERATURE UPON STABILITY

As a result of measurements of decompoeition rates of
highly pure, unstabilized hyd'ogen peroxide solutions at tempera-
turee varying from 50 to 70° C., the temperature coerricient a;
for the decomposition reaction was found to be 2.2 ¥ 0,1 for a
- 10- degree rise, The coefricient\appears in the expreeeion _
: K kT a(T = T1)/10 unere k 18 the reaction rate constant at ;

ine tempevature Tor . Thie value agrees well with that call”
eulated fxom results. of other meaauremente (21), carried out on

hydrogen'ﬁEYGXLQE*gﬁthlonB -at-96°0- - dvan the- Bntirempusﬁtble-,"' S

- range’ cr cancentration. CFrem thﬁee‘meéeuramenti‘a Fatic of abnnt
40:1 was 1nd1cated bvetween the dacomposition rate at 96°G. as oom-_ -
'pared to the 50 0. value. The ratio calculated by the use of the -
equatioﬂ given above ig approximately 38:1. i

f In the presence of- catalytic contaminants it would- be
expeeted that the temperature coefficient should be less than 2. 2;
and indesd thig belief has been borne out by measurements of the
temperature coefficient of the “decomposition reactiom in the - e
presence of small proportions of ferric salte added to the solu-
tion. For such solutions values of g as low a8 1.6 were observed.
On the other hand. in the presence of a stannate stabilizer, the
coefficient never fell below 2.2, sometimes rieing slightly above
this value. %o 2.3 or 2.4. Although no high degree of accuracy
i1s claimed for these determinations, 1t seems justifiable to assume

that the effects reported are real,

STABILIZING AGENTS

Although 1t appearae reasonably certaln that in the
preaence of more than minute proportions of catalytlically-active
contaminants 1t 18 impoesible tc restrain the decomposition of
hydrogen peroxide by the additlon of stabllizers much effort

1 i f
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nevertheless has gone into the study of the stabilizatlon of
hydrogen peroxide with the hope of improving the storage char-
acteristics of commercial products.

-—- -—General "Principles of Stabllization

When viewed in its broadest. .aspecss, the stabllization .
proceaa--aalde from oontrol of the pH of the peroxide aolubion,
- \which would influence the rate of the homogeneous decomposition
E reaction--may be assumed, to oconsiat of 1naot1vat1ng catalytically-
aotive subatanoes which may he present, either dissolved or sus-
'pended in the solution, or held in n the walls of the container. The
,validity of this aaaumption de attested by the faot that the addi- ,
- tion of stabilizing agents to concentrated hydrogen peroxide solu- -
‘tions of exceptionally high purity faile.to reduce further the rate

-~ ohat represeron- of-the ‘tonlratioh of K
ol AP, bueh;ga -suifurie, phoaphoric—ar pyrnphnrphnntu;*axnliu,

of decomposition of the peroxide solufion. 0. any important degee. . gf
'y ""’”ﬁa“ﬁy“ﬁﬁdiftiﬁ‘ww“ T

-or benzoio tcida eENNot solely acoount for the 1mprovement ot the ' %'f

; etability of hydrogen peroxide solutions is 1nd_oated by the fast
that some other acids have lese effect when 8o employed than would
be anticipated from a knowledge of their acid strengths. Further-
more, if enough acid were added to reduce the pH to values of 2 or
less (measured at ten-fpld dilution), the affect of the addition
would be to decrease the stability of the peroxide. It has been

- suggested that concelvably the ability of the aocld to enter into

compound formation with hydrogen peroxide may also have some bear-
ing upon its effectiveness.

Organic substances in general are subject to a slow oxi-
dation at ordinary temperatures by hydrogen peroxide. Therefore
for long-term storage the use of organic aoclds, for example, urlc,
citric, tannie, or salicylic aoids, as stabliligers may not prove
to be adequate, particularly for higher concentrations of hydrogen
peroxide., For some purposes, as in medicinal uses, the organis
anslds are nevertheless preferred in dilute peroxide solutions to
gtronger inorganic substances which might have injurious effacts.,
Tt ghould furthermore be borne in mind, as pointed out by Tritton (22)

-
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that when hydrogen peroxide is to be used for pharmaceutical

purposes, the presence of substances which affect the decomposil-

tion of hydrogen peroxide by catalase may hecome a matter of im-~
--portance.- o T T o

‘ A very extensive number of stabilizers, both inorganic
and'organic in character, have been tested with hydrogen peroxide
solutions, both dilute and concentrated. Among these substances
the moet notable succeas appears to have been obtained, especially -
in thp case of'thefhighly concentrated solutions, with sodium stan-
nate or with 8-hydroxyquinoline ("oxine*), each in the presence of
a soluble pyrophosphate,or a phoaphate-pyrophosphate mixture.—~-',
Binoe the part played by many catalysts is belleved to depend upon — -
thelir ability to enter into a cycle of reactions, in whioh oxida~
tion and réduction of a oonstituent ocours in rapid alternation,

'”l~:?«$t xollove«that ‘one-way-in-which stabilization-may osoup- 1a~by-_~-~~~a~ﬂlf~"

terminating or breaklng the reastion ahtinAln,aunh~a emge. I f“ij;_
the” eatalytio source is looated in the walls of the eontalner, S
the stabilizer may serve to, alter the character of the surraee
80 that it will no longer: aid in the deoomposition process. ‘Some
oolloidal stabllizers, such as hydrous stannic oxide, are erreotive
in adsorbing oatalyticallyeactive 19ns or in bringing about coagula—
tion of dispersed active solid matter. Thue, 1t 1s common practice,
_~__as previously indicated {2), to add at least a few p.p.m. of sodium
stannate to highly concentrated hydrogen peroxide, otherwise free
of sdditives, in order to improve the stability sharacteristics of
these solutions. Simllarly, addition of sodium pyroantimonate to
concentrated hydrogen peroxide solutions brings about a smaller,
bﬁt measurable increase in the stability of the sclution, due doubt-
less to the presence of collcidal hydrous antimony pentoxide.

The addition of sodium pyrophosphate (0.1:5% or leas), as
suggested by Reichert and others is believed to improve the stabiliz-
ing effect of collold stannic oxide (23a.),due in part to the fact
that the precipitation of the tin is thereby retarded.

Industrial application has been made of stabilizere which
exist in colloidal form in hydrogen peroxide solutions employed in

18
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! bleaching cotton and other textiles. Addition of sodium or mag-

nesium silicate to alkalin- golutions containing hydrogen perox-
_ lde has an anti-oatalytic effect, presumably to be attributed to
— - - -the colloids resulting from the hydrolysis of the eilicates.

' .-.! ‘i‘

It 18 interepnting to note that the combined effect of a
mixture of two different stabillzars may exceed the sum of the
effects of the two when usead aeparately (24). This result is
reminiaoent of the reversed state.of affairs, reported oonoernmng ‘

7 the erfeot of a mixture of two catalyste, in .which cage the rate

*41‘t —  of- deoomposition of the- hydrogen‘peroxide was lnoreased by an
7 ,amount greater than that correaponding to the sum of tHe two -

_catalytlc effecta Vhen amployed separately. oL —-

- L

l . i It is obviouely necessary. that the pH of the hydrogen
t~~AurA~MA~—HMAWMnuperozide solution should lie witnin the range over which the. two

4

R g - R NS g

I W;fﬁgwwwifﬁsfilzerﬁ are 3rfeativv'when*ﬁﬁed—iﬁﬁiviﬂualmvia feximpia;m@ﬁmwm.i”v;
B I “in 90; nyarogen pgfoxI&e, sedkuﬁ‘ﬁtﬁﬁnaty &agma%t“gfreetivg~&£; R =
“the /PR of the hydrogen peroxide solution {at ten-fola dilution) =~ i

ralLs between 3.5 and 6 (see rootncte, _page 34), At a PR of 2,

- “ . ' or or 7, the decompasition rate_ for theweame sdlution mnay- rise EY-B ~é'
S ' i much ag tventy-reld/(za) . - S qu%wﬁmﬂ; ;
_. = . . . - , - B T AN ) “' . :}
‘Oxine E - ; o o - i

- e , or the atabilizera ‘which have been studizd, especially B
in the cage of highly oonoentraced hydrogen peroxide, particular o
mention has been made of such organic substances as 8~hydroxyquino-
line, ("oxine"), often used as the pyrophosphate derivative or in
conjunotion with a soluble phosphate cr pyrophosphate'!;-and'or

- - - oEm e e mm M e M @ = e e mm mm e em Me tw AE R o an e e wm e
- - - —

# Reilchert and Hawkinson (23a) recommended addition of a bufrgr
suc a8 a saturated aliphatlc acid of ilonlzation constant 10~

(preferably adipic acid). in conjunction with etabilization
by stannate and pyrophosphate mixtures. The hydrogen peroxide
solution (presumably not over 30% hydrogen peroxide) thereby as-
sumed a pH of 3.5 to 4.0.

## A golution of oxine suitable for use with concentrated hydro-
gen peroxide solution. may be prepared as follows: 19 g. of py-
rophosphoric acid are dissnlved in 200 ml, of water and 31 g. of
oxine added to the solutlon, which is then heated on a water bath i

i ok i
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sodium stannate. The mechanism of the stabilization procees
involving “oxine®" 18 not entirely clear in all of its details;
for in the presence of iron contamination, oxine alone has e
S “1little Af any protective action, yet in the presence of phos- S
phate,'or preferably pyrophosphate, it makes an effective B Cos
stabilizer against the influence of small concentrations of L
certaln ocatalytic contaminants, including iron compounds. It
was much used by the Germans in the stabilization of 85% nydro-
gen perox1de‘for_varioua miliﬁary purposes Aduring Worid iarﬁII, B

~ hydrogen peroxide is to be expested in the event of long-tsrm
" storage. This becomés more probable if contamination by ferric -
iron has taken place in the hydrogen peroxide solution, as the

= -

;% oxidation of oxine by hydrogen peroxide is markedly catalyzed by

TN feprls GOMpoundss  However, if the atabillzer also oontains py¥se.

|—— .. - phosphate-ion (as in the exsmple Just given), the ferris ion may
ted by interdetion with pyrophosphate ion, #o that -

| "= 7 % ’'bvecome 'inactiva

L theé oxidation of oxine is greatly reduced, to the .extant that the ‘ %;,
... _ gtabilizing effect of the"mixtu:grgay be prolonged for many months W@.

of storage, ‘even though some slight contamination by ferric ion ' j
had taken place. “ ; | S

Pyrophosphate ) ) o 1
e “ U Spdium pyrephosph&té”(ﬂ&h?207-IOHZO)’&ldna is capable of )
holding in check at least as great a concentration of ferrioc ion
as 10 p.p.m. Fe*** but is not sufficiently protective againsst
contamination by even a few p.p.m. of ocoppser compounds. Its A
protective mechanism appears to consist of reactlon with such Y
dissolved catalytic ions ae Fet*+ which are either precipitated, !

- e wm W mm e . S TE M W WM ER L YT mm e e wme e e e An SR s E YR Em W M am em

for about 20 min. with vigorous stirring until all of the oxine
. hes dissolved, The brown solution is made up ¢o0 1 liter and
' filtersd free of any dark flakes., Of this solution 1l or 2 ml,
added per liter of the hydrogen peroxide solution should provide
{ adequate stability to 85 - 90% hydrogen peroxade for most pur-
poses8, and provide a decomposition rate at 50°C. not in excees
§; 0,002% per hour, provided that the hydrogen peroxide in the
tlginal solution was sufficlently pure.

Another formulation for stabilization by means oxine is the
following: 304 mg oxine, 230 mg Na‘4 P207?10H20, and 202 mg HaPOU’
per lliter of eolution. .




T , FOR STABILIZATION AGAINST FERRIC ION (7) - = =

or, in the presence of an excess of pyrophoephate, converted

into relatively stable ocomplexes; in either case the catalylic
effect is largely eliminated. It seems improbable that pyro-
“phoaphate should directly influénce the heterogenecus decomposi-
‘tion progess, except ineofar as it may inactivate metal lons.
which otherwise may lead by hydrolysis to the formation of cata-
1ytical1yaot1ve, solid products. It is also to be borne in mina
that pyrophosphate ion ig 1taself subject to gradual -hydrolysis at
ordinary temperatures in aqueouse soluyione. P2074" +-nzo ZHPOH.

-— —+— —1t%t4s, of oourse,—essential that the pyrophqbphate’employeagror '

stabilization purposes should 1taelf be: chemioally pure and, 1n ,

(AR

Q ' o partioular, free from iron: eontamination. —

o i c The ratio of pyrophosphate ion to ferric 1on round (?)
;w»&ff-a w-—na_——————tonbemvequ&pedhror satxaraotory ntabilizationpor_1ron~oontam1nated '
L ccncontrated hﬂrogon peroxii! aoluﬂona a’ﬁ 50 G.‘T‘é"”ﬂhﬂﬂ“Tﬁ” ’

oo Te T o mebleRt . - - e
IR TABLEz o

OPTIMUM PHOPORTIONS OF PYROPHOSPHATE

‘4 Avg. P o# required Ratlo,
; Fet *Naddea as (aadea_ %8 N8y, P05 10 P

0 - Mpcp.m%h : 0) p p.m. —— 259_7 cFe;i -
i 0.08 0. 30 3.8
' .16 , : .60 3.8
: 24 1.10 4,6
32 1,60 g.O
+ 48 2.38 2
.96 : 7. 7.7
1.08 10,00 9.3
le92 . 17.20 900

Stannate

Sodium stannate, N328n03'3320. a8 has been previcusly
indicated, forms by its hydrolysis colloidal hydrous stannlc
axide, 8n0, *+XH,;0, whioh adsorbs catalytic iong, such as ferric
ions, in an effective manner and hence improves the stability of
hydrogen peroxide soluticns. If added in excessive proportions,

SR TTY SO N RPN

e hbldid




‘ness against contamination by copper ocompounds., To adequately
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the hydrelyais of sodium astannate increases the pH of the hydro-
gen peroxide to a point which may result in a reduction of 1ts
stability, 8odium stannate is not outstanding in its effective-
restrain the catalytiec infiuence of as little cupric ion as

0.1 p.pem., it was found necessary to add up to 65 p.p.m. of
Bno, (added as stannate). Furthermore, 1tsiefredt1venésa in
stabilization has been observed to be somewhat time-dependent,
as discussed beiov.;,.“e temperature and temperature, hlstory
also affects ite astivity, thus, the stability of stannate-
stabilized hydrogen peroxide was observed to be 1mproved by a’
preheating of the solution to 50°C, berore meagurements were
oarrlsd out at 30 c. : : o : —

: Tf a- na.b:.luer—d.s added 4n 4nonou:.»ng amoums Atb* a

5

will 1?3? Tt a‘ﬁlﬁiﬁﬁm, and then !1671? lﬁéﬁiali. QBH!!Q“!HVI’%

"there existq"an optimum amount of stabilizer,whldh ie a: function
of the kinda”and amounts of 1mpur1tiee present. Table 3 shows the

proportions of atannate round {7) most effective in oontrolling

“the oatalytio erfect of rerrlc 1on when the latter was present at -

concantration of rrom o. 1 to 4,0 p p.m. in 85% hydrogen peroxide,

rwahe rate of deoomposltion of the origlnal, uncontaminated hydrogen

peroxide varied somewhat (from about 0.003 to 0.004% per hr. at
5o°c.) as shown in the first column; the stabilized material showed
decompoeition rates of adbout 0,0001 to 0,002% per hr.,, and the op-
timum amount of Sn0, (added as Nazsnojosﬂzo) is sesn to range from
sbout 1 to 60 p.p. m., the ratio of Sn0, :Pet * Yemployed varying
from 13 to 26 for iron contents abeove 0.3 P.p.Mm.

In place of adding sodium stannate as a stabilizer, it
18 also possible to attain similar results by preparing hydrous
stannic oxide as a gelatinous precipitate (thoroughly washed by
repeated decantations) and adding the hydrous gel to the hydrogen
peroxide solution; thus bearing out ths belief that astabillzation
here 18 brought about by the "scavenging" sction of colloidal hy-
drous stannic oxide (25).

;' glven aa;ple of hi&rqgen peroxi&e, the rate of déc omp3a 7"**””f‘ﬁfﬁ“;“““ R

o H
Loiabaial




TABLE 3
OPTIMUM PROPORTIONS OF SnOp.xH»0 FOR STABILIZATIOR
AGAINST FERRIC ION (7)

__. Orig. Rate of _meff*+addea___Optimum_Snoz _ _Resulting Ratio :
Decomposition | as sulfate (added as Rate of Dec. |B8n0,/Fet *t i
% pegp hr. at (p.p.m.) Stannate (% peg hr.; emfiloyed .
50°0,) PaDuBM,) 0.) :
0.,0029 0.10 0.83 0.0003
0.0034 29 1.75 0,0013
0. 0020 31 7,00 0.,0007 -
0.0037 .35 5.2k 12,0013 '
0.0031 ~o 147 7.79 0.0015
, 0.0046 — . - .55 11.1 0.,0006
- 1 0.0029 .85 11.3 0.0013
... 0,0080 1.09 17.5 0,0005
0. 0029 1ﬁLn ©1.52 23.3° 0.0017 -
B e oozs — i | 2.72 “63.1 0,002 [ 23
S S “_0—0090 T 399 L s =0 0037 R 4

1 i ')

;f={ff“*“'$»f* [ thate resuxts ‘have been confirmed by eBYEYal xnﬂegwn&yn,u
- 1nvest15afﬁra (25a). Another expedient suggested by Gilbert =
- and Reichert (23b) employe " as a stabilizer Sncl ZHZO heated for
.. one hour at 300°Q. with 85¢ phosphoric asid (to convert ‘the latter
%o pyrophosphoriq acid). ~-For best wésults, the hydrogen peroxide
solution should be kept at a pE below 5,

ETRTInTe
HERE AT

. .. ____Measurements of the decomposition rate of concentrated
hydrogen peroxide solutions stabilized with sodium stannate have
indicated that the etabllizing action requires some time to attain e
its maximum effect--usually the rate has been observed to decline ]
slowly over a matter of three or four dayes before leveling off to
an essentially constant valus.®

- E ae Em wm em e o o Em M e ms A o SR 4B YR MR o S R e AE Em M mm e W wm T sm ew

#® In this connection, Gigudre and Geoffrion (2), reported a brief
delay (30 to 60 min, s in the appearance of a atabilizing effect
when a small quantity of sodlum stannate was added to dilute hy-
drogen peroxide solutions. Concelvably this delay resulted from
the time required to bulld up in the solution a sufficient quantity
of colloidal stannic oxide, by hydrolyels of the stannate, to bring
about the desired stabilization effect.
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Other Stabilizers

The behavior of hydrous zine oxide is also of interest.
When zince salts, such as the snlfate, are added in the proper
proportion to very concentrated hydrogen peroxide solutions
(of the order of 90% hydrogen percxide) they exert a stabilizing
action upon the latter, at least cver a limited range of pH (14).
In more dilute hydrogen peroxide solutions, however, (say, 20 - 30%
hydrogen peroxide) the effect 1s reversed and the decomposition -
rate of the hydrogen peroxide is observed to be actually 1ncreased

- gomewhat by the addition of soluble zinc salts,

The faot that the presence qf zinc oxide in dilute solu-~

‘tions of hydrogen peroxide fails to stabilize the ldtter, and in

fact may even result in an inereasé _in the_ deeomposlrion rate, has__

" been interpreted by Pierron (26) on the basle of the hypothesis

'hydrated perﬁxides, a8 Meo —-——% He

:"H902~H2 2;'or Me

that metal oxldes which aot ag stdbilizers are oonvertedfin%o
- —00H - -

i 5 or neoz-nzo, oxr possibly
%R B

. According to Piorron, ir the’proportion
oox |

" of metal oxide to hydrogen peroxide is guch as %0 lead to 1ncomplete

metal peroxide formation, there will be elther feeble stabilization
or a slight acceleratién of the decompoeition process. With metal
oxides which are pronounced decomposition catalysts (such as oxides
of lead, copper, manganese, silver or merocury), the presumption is
that peroxide formation is either very small or non-exiatent, due

to the unstable character of such peroxides.

It would appear reasonable to attribute the relationship
existing between the concentration of the hydrogen peroxide and the
stabilizing action of such a aubstance as zinc oxide or hydroxide to
the poasibility of displacement of the equilibrium in euch a re-
action as:

OH _LOCH

Me + BOOR = Me’

OH \\"OH

+ =,0.

alinera i i
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|

If, according to Plerron, the peroxidized metal hydroxide is the
actlve stabllizing agent,® 1t will be most effective in the preaence
of excess hydrogen peroxide; and 1t will be hydrolyzed in dilute
hydrogen peroxide soclution with reverslon to the metal hydroxide
(or to_the hydrous, or hydrated oxide).

D'And and Mattner (27) studied the stabilizing of alka~-
line solutions of hydrogen peroxide against catalytlc decomposition
caused by the presence of cupric hydroxide, by addition of magnesium
hydroxide., They reported the removal of traces of heavy netals,
,eapeo}ally of copper, by means of the precipitated Mg(QH)z, thereby
effecting a purification of the hydrogen peroxide solution.

From what already has been sald concerning the intrinsic
stability .of pure hydrogen peroxide, it 1a apparent that, if this - ;

, i ”ifjt‘substanoe"aould ‘be prepared sand preserved in the total absencs of — ¢
;.ﬁ . SN, oatalytioglly gotive materials, no etabllizéré would be nﬁeded t0 L
-~ = yygupe the poesibility of storage Tor long perieds—at- ofﬂinary S
- Atemperature Without appreci&bla Xoes hy daoompeaiﬁiﬁn;fftn“ii ‘ |
' 'with this reasening, several’ industrial manufacturers ‘are néw
produoing high ooncentration, unatabilizad hydrogen peroxide‘

whioh.ie n¢ar1y ccmpletely free 'of additives, and yet may be

tranaportea and stored safely in aluminum drums.' -

- The 1llst of the many other substanoes whieh have been
applied to the atabilization of hydrogen peroxide of various con-
centrations, including inorganic as well as organic compounds, 1is

~ lengthy and no attempt will be made to record them all here.®*

A repregentative list of such organic and inorganle
stabilizera for dilute hydrogen peroxide sclutions was studied by
gonol (28), among others, and the comparative effeotiveneas of

% Tt is not apparent why the peroxidized hydroxide should be
capable of effecting stabllization if the hydroxide or cxide
are without similar action,

##% The reader is referred to such sources as Machu's "Das
Wasserstoffperoxyd und die Perverbindungen,® second edition,
Springer-Verlag, Vienna, 1951. for a detalled 1list of such
stabilizers,
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the different substances was reported, when added at concen-
trations from 0.25 to U.50%,

Among the varlous organic substances which have been

- guggested for the stabilization,  eepecially of-dilute hydrogen - - Cm e e

peroxide solutions, acetanilide has been very commonly empdpyéd.
However, the shelf life of 3% hydrogen peroxide solutions thue
shabilized is considered to be only about 6 months (29); further-
more, acetanilide has been reported more gubject to oxidation '
(to nitrobenzol) than phenacetinc{(29). Likewise, p-hydroxybenzoio
acid ester (so-called "Nipagin-M") has been said to be superior
to many other simllar preservatives. The presence ‘of benzoio
acid (0.1%) was found effeoctive in concentrating hydrogen ‘peroxide
aolutions by a distillation _process (30)

Folgner ard Schrieider (31) alno'ma&e a study of the

-vmmvstabilizing effests of addition. atftmallmprdportianspotﬁalipha$1c =T

ketones, eésters; and>alnnhnlgnurronaﬁﬁ34Aaa well aaAammnniaAaui‘,ﬁ”,;;;w_‘

some inorganic salte (eod.um borate, silfoate, phosphate, and pyro- o

phoephate) tc "bleach 1iduor' at 40°, 5o° and 70°0. over a period

of 96 hours. Their tabulated results show thé superior erfactive-'7'
ness of sodium pyrophosphate (particularly at higher temperdtures)
among the inorganic stabilizers. Some of the organlc substances
were round to be good wetting agents as well as stabilizera,

Carrara and Monzini (32) observed the atabilizing
~ _properties of a series of aZoxy compounds of the aulronamldes',
Kunz (33) reported the similar effect of addition of antipyrine;
and Harrie and Fahs (34) that of hydroquinone or its derivatives.

It has been emphasized, however, that many organic
additives are subject to a gradual oxidation, which at room
temperature may result in the protective actlon being lost within
a period of a few weeks or months of storage of even dilute solu-~
tions of hydrogen peroxide.

The Choice of a Stabilizer

In comparing the relative merite of the varlous
stabllizers which have been applied to the preservation of dilute




. ?

or concentrated solutiona of hydrogen peroxlide. a natural query
may arise as to the possibility of designating one of these
agents as the bset of all in itz effectlveness in this regard.
_ However, 1t 1is scarcely possible to give an unqualified reply
S te suoh-a qﬁeryp particularly because the selection of a
stabllizer must be made with due regard to the donditions under
which the hydrOgan peroxide ultimately 18 to be used, as well as
to such considerations as the required length of time of atorage
and the probable prevalling temperatures which the soclution will
be requlred to withatand during the atorage pericd., As has been
B - _“pointed out above, if the storage pericd 1s to be relatively
’j“———-“——*gﬂo’brzer, an organio stabilizer ‘may be satisfactory, whereae over a .
. - prolonged period of time slow oxidation may destroy the errective—
-~ neas of an organic component. Dn the other hand, for certain
*purpoaes 11m1tations*may be placed gpggothe ohoiooﬁof an_inorganio 01_;_4

= been decumposad 1n use,r

o

. The Meghs,nism of Stabiliza'c;on I T

, A completely satisraotory explanation of the various
";"5 meohanisms whereby stabilization of hydrogen peroxide is brought '
about, by the wide variety of oérganic and inorganic substances
which have been employed for this purpose, has not been presented
up to the present time; although in certaln individual cases the
S— —— evidence 18 rather conclusive. The effect of addition of emall —
quantities of some aoids already referred to, in repressing the
dissociation of H,0, ~—> H* + 00H ., appears clear snough,.as: does
the role of various additives which are known to be able to form
complexes with certain active catalytic ions which may be present,
"Again, we have seen that some stabllizers are obviously effective
as protective colloids. The increase in the viscosity and the
change An the gurface tension of hydrogen peroxide solutions in
the presence of such solloidal materials as gelatine, starch or
glue, may account in part for the restraining actlion of these
additives upon the decompositlion of hydrogen peroxlde. If the
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decomposition process 18 viewed as dependent upon the formation
ol' activated molecules, induced by the presence of posltive

catalysts, then it would seem reasonable to assume that stablilizers

may function by inactivating or_ preventing the formation of such

activated molecules,

In this connection, Richter (35) atudied the effect of
various organic substances as inhibitors on the photochemical
and the enzymio décompositlon of. hydrogen peroxide. He obaerved
that the enzymio reaction is comparatively l1ittle influenced by
the,preaence “of inhibitorse, and concluded that the deoomposition
process in this case does not involve a chaln mechanism, such as
is suggested in the“éase_or the photochemical decomposition re-

action, o _ S — I

T In gome oases stabilization p_goticee have been.round

- asg possible from contaminants,

B éﬁpirlcally té be useful without ths*aevaloment“ﬁfﬁznludequate
ﬁnc'

aeaompﬂﬁyxng thsoretleal 1ntérpretation or ﬁhe ﬁhenonenon.

restrain the dacompoeition proceee, yet the procese 1tself 13
‘not therebyrrpndamentally ‘altered--1t retains 1ts monomolecular

‘character in the presence of the inhibiting agent.

THE EFFECT OF pH UPON THE DECOMPOSITION RATE
OF HYDROGEN PEROXIDE

If the decomposition rate of a given concentration of
unstabllized hydiogen peroxide, in aqueous solution and as free
is plotted as a function of pH--
the latter being controlled by addition of the purest sulfuric

acid or of sodium hydroxide solutions--a curve is obtained which

shows a minimum at a pH (measured at ten-fold dilution*) in the

# By reference to Figure 6 1t will be apparent that, if the pH
of undiluted hydrogen peroxide solutions having concentrationa
greater than 90 wt. % is measured with the ald of the glass
electrode, negative readings are cbtained, which are not open
to the usual mode of interpretation. Didution to one tenth of
the original concentration was employed as an expedient. so
that the pH data thereby obtained might be compared and inter-
preted in the usual way.
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vicinity of about 4.5 to 5.0, The decreasing stability in the
higher ranges of pH is readily accounted for, as indicated
above, on the basis of the equilibrium expression:

HOOH —> H' +00H™, in which the perhydroxyl ion, OCH , reputed
to be unstable, would be expected to increase in concentration
a8 that of the hydrogen ion is diminished by addition of alkall.
The sharp degrease in stability at the other extreme of the pH
scale, at PH 1,19 values of about 1 to 2, 18 less easily ao-
counted for, however. 1In lower concentrations of hydrogen per-

conoentratad solutionas, In somewhat more concentrated solutione,
over the rgnge_g{_pﬂ(l £10) -2 to 6, only ‘& small errecb of pH
changeiis nbted. - e -

' ’oxide, say 30 wt, ﬁ or leas, the increase in the decomposition .
rate at low pH 1s more. noticeable than in the case of more -

™

»QMMWJ*TI-i*ﬁfar~uanwantrationa Br- Hﬂo abo#e Soﬁﬁby weight thE“““ ;1'
effect of verdationin pH, over 1ha range. 2.5 te 5. 5, upon ’&ht
rate of deoomposition of hydrggen perqgida is but slight; .at

céncentrétiohs progreasively lower than 50%, the effect of
variation in pH becomes 1ﬁcreasingly 1mportant both 1n the
lower and high rangea or pH.

Figure 7 shows the results of measurements in which
the decomposition rates of dilute and more concentrated solu-
tions of hydrogen peroxide were measured over a wide range of

'pH., It will be observed that the general form of the individual
curves is similar, with maximum stability (or minimum decomposi~
tion rate) falling in approximately the same pH range, 4.0 t 0.5,
in all cases. At a fixed pH it 18 aleo to be noted that the
more concentrated solutions appear to be more stable than the
more dilute solutions, the difference being larger the farther
one proceeds in either direction from the region of maximum
stability (pH(lzlo) = 4.0).

Figure 8 shows the influence of increasing pH over
the range pH(l:lO! = 5 tg 7 for 90% hydrogen peroxide. The
decomposition rate at 50 C., 18 seen to rise in a steadlly in-
creaging manner as the solution becomes more alkaline.

i
i
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! If, ln addition to the effect of changing pH, the
catalytic effect of added metal ions, such as Fe' % cutt,
or cr+++, is also introduced, the plot of decompoeitlon rate

constant quantity of added oatalytlc 1on, may show a remarkable
cusp or "peak" in the neighborhood of pH(l +10) 3.5, which 18

not found with hydrogen peroxide eolution alone., For the addi-
tions of other metal cations, such as Ag , the maximum may lie :
at higher pH's. - This "peak,® with its maximum showing an-in- 7 N
crease often of ten-fold or more over the corresponding value

obtained in the absence of the catalyst, may occur over a .

remarkably small interval of pH (as emall as. about.one pH unit);

- * 80 mach 8o, that it only a few points are taken to establish

o the shape of the ourve ~the peak may be entlrely miased The x f’
'“iif‘““*“pauk“*;urfhermoreq Le-not-ohserved-in-the-ocase-of-such-added :

s 1on; a8 Al;f+' which the possibility of a rise t0 & hlgher X< F”fffwjﬁﬁf:f
S dation state 1e'ﬁot &rrsrded, and conssquently a oatglytio i SRR

“oyclic meohanisin, involving an alternation ‘between two oxida~ A
jtlon stateés, 1s exoluded, - S ) R '

7 * . Prom the general shape of the deoompoaition rate-pH ;
curve gshown in Figure 9, 1t is lpparent that the peak in the
) ‘upper curve repregsents the resultant effect of conditions S 5
— superimposed upon thoae leading to the lower curve, Instead : 7 )
.0of resulting in a similar curve, ralsed above the values at
corresponding pH's in the lower curve, it is found tﬁit, on
the addition of a sultable contakibant, a branch appears rapre-
senting a sharp acceleration in the decomposition rata with in-
créﬁsing pH, followed by a branch in which a rapid drop in the
rate ocours as the pH is further increased,

A reasonable interpretation of this behavior has been

| suggeated (7, 36), in whioh the sharp inorease in decomposition
rate was attributed to the progressive hydrolysis of the dis-
solved satalyst (e.g., a ferric salt) forming a colloidal hydrous
oxide (or posasibly slightly scluble basic ealts), with a rela-
tively large catalytlically active surface in contact with the
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hydrogen peroxide solution. This would cause the heterogeneous
decomposition reaction to accelerate with rising pH. The rapid
decline in decomposition rate at higher pH values was inter-
preted to mean that coagulation of the cclloid was oocurring,
with a reaultant eharp decline in the gurface area of the ‘hydrous
oxide exposed to the solution. At still higher pH values (not
shown in the figure) another rise in the decomposition surve is
.to be expected, due to the increasing alkalinity of the soluvion,
as was seen in Figure 8, The minimum preceding this rise would
lis higher than that expected in the low pH rangs, as_the coagu~
lated c0lloid presents some catalytically active eﬁrrace, although
much less in extent than that orrered by the dispersed phase,

___Another 1nterest1ng example or ‘the catalytic e;rect or

'4,qi oertain added oontaminants is shown in Figure 10, in which the

r.iinrluanua—dr—ﬂzz Pipimy of., laad ton; added im the form of— leaa‘;“_‘?f

_ nitrate, is observed over a range. of pﬁ(l 1o$ of 2 to abBut 72,
The pH adjustment ‘was ‘mad? by addition.of either nitrlo aocld or o
of gsodium hydroxide, -In Keeping with the fact. that the pE at =
- which preeipination of lead hydroxide begins to ocour is about &,
as compared to a PH of about 2 for hydrous ferrioc oxide, we do

not expect a”aharp cusp in the decomposition rate curve in the
vieinity of 3.5. (This was looked for oaﬁerully, as the experi-
mantal points indicate.) The "peak,® if any occurs, would be
expected in the high pH range, at which decomposition is progress-
Ang rapidly even 1n the absence of other added catalytio sub-
stances. :

The influence of increasing quantities of a given
catalytic contaminant, such as ferric ion, over a limited range
of pH, 1e indicated in Figure 11, in which the concentration of
ferrio ion is increased stepwlse from 0,1 to 1.0 p.p.m., while
the pH(l:lO) range 1s from 1.6 to 3.2.

Even 1n the case of contamination by compounda of such
elements as manganese and silver, the lmportance of the pHE factor
18 very significant: 1in sufficiently acid solutions of soncen-
trated hydrogen peroxlde neither silver nor manganous ions exert

%
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any pronounced catalytic activity. They are presumably present
in solution as the aimple cations, When, however, the pH is
caused to increase sufficiently so that the oxides of these metals
may precipltate, a rapid and great inerease in the decomposition

» ———~-~rate of the peroxide enaues.

It 18 evident, in view of these considerations, that in
arder ta properly compare the stabilities of different samples of
hydrogen peroxide the prevailing PH of the solution must be
speciried and this requlrement is‘the more important if known

I ' contamination by catalytic substances exists 1n the eolution.

It is algo evident, from what has been presented pre- - -
viously, that for the 1ong-term storage of ‘hydrogen peroxide solu-
tione, the-materials of construction of the contﬁiner mﬁét be -

-*;;m,,h, uomponante.jfGonaiderabie attention has been given to- this- aubjectw—~

and. a number of articles have appeared in which _compargtive
j ‘measuvsmants of stability of- ‘hydrogen- percxide golutions in oon=

tainers: ‘of different composition are resorded. Further details :
will be found in Chapter &4,
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- %0 _be able: to detect or to. determine the hydrmgen peroxida content

Ik,

CHAPTER TEN
ANALYTICAL PROCEDURES

Two aspects of the analysis of solutions contalining
hydrogen peroxide are clearly differentlated: 1t is of importance

of such solutions, whether present in minute propnr*ions or as the
major component of the’ mixture, and alsc to eatablish the presence
_ of impurities or additives in diluteé or concentrated hydrogen *
—peroxide aelutions, eapscially such substances as are known to

L affect tne\stabllity of the aolution. ﬂhe firat of these raqulre— ,

quaﬁti%&tive wethods ef analyaia rer any exc&pt tne gos% BANULS 20N~

centratidna of hydrogen*peroxiie, and éven for sush very dilute golu—- —
tions certalh asnaitive color reaotions, described below, are avall-

able for thé detection, and in some cases ror tﬁéfge%imation, of the
quantity of hydrogen peroxide present In. the rollowing seotians

the qualitative and quantitative procedures whiech have been developed .
for the analysis of nydrogen peroxide sclutions are described,*

QUALLITATIVE ANALYBIS

Of the various raggtinns whioh may be &mployed for the
detection of hydrogen peroxide, or of a peroxy compound which may
yield hydrogen percxide, a number of color tests have been sug-

“rested, acme of which are of high sensitivity. For example, the

orange colox whiéh is developed by titanlec acid in the presence
of hydrogen veroxide is charactéristic and delicate (1).

Titanium sulfate solutions, prepared from commerclal
titanium Bulfate {empirically written ag Ti080,, containlrg abour

D T T - = T - e e [ U,

% An early comprbhenalve account of tne nnalytiual aapecbs of hy-
drogen percxide may be found in "Untersuchungemethoden dee Wasser~
stoffperoxyds," by L, Rirskenbach. in *"Die Chemische Analyse ?
Vol. VII, B, M. Margoschea, Ed., Stutuigart, F. Enke 1909.

-y
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20% T102) by shaking with an equal weight of water and filtering,*
1s perhaps the most commonly used reagent for this purpose and as
__little ag 1 or 2 p.p.m. of hydrogen peroxide can be detected by

_"‘éi -

PR & *—1pec1ﬂe-—- ----- a7 ary fow vther-oxidante in-asid-solution show & gimal&‘ﬁ-

i

— the

‘the yellow color produced by an acldified hydrogen peroxide sclu--
tion, The color has been ascribed to the formation of such an lon
as g?ioz(sou) :]= (2). Thie reaction has been employed also as

agls of a quantitative procedure, with the ald of a photo-
eleatrio cclorimeter. One microchemical form of this test for
hydrogen paroxide deaeribed by Berisso and Aquisso (3) employs

a 10% 11(504) solution in 6 X H,80, and pure amyl aloochol. on

shaking 3 ml of eaeh of the- two liquide together and allowing the ’

Eotwe }ayera to aeparate, 1 ml of the alooholiec 1ayer is transferred
' togahother tube and a drop of the hydrogen pernxide aolution'. added
The yellow color of peroxytitanio acid'ig very sensitive and

" I ERS¥ABN- tﬁﬁari iltgnigmxgniuﬁion.— -Thug, the yellow. solor with -
ml\uu ) is not produced by ozons (4) mor with- peroxysulratea (J)

The quant1tat1ve application of this test 14 describsd ‘belov. The

_yellow coinr does not fade ou quickly, in contrast with oertai

other oolored compounds of 1oyer stability, such ad the blue peroxy-
chromic acld which has been muoh used for the same purpoae. In

this 1atter test, a fevw drops of a dilute solution of potasaium
bichromate are added to a test tube contalning about a milliliter

-~ of the solution to be tested (acidified with a few drops of dilute

sulfuric acid) and several milliliters of ether. On shaking, a
blue coler developing in the ether layer, attributed to peroxy-
chromie acld, Hcros, indicates the preasence of hydrogen peroxide
in the test solution. There le dlsagreement es to whether our not
the test is given by ozone; but ln the absence of the latter it
may be relied upon for the detection of about 0.2 mg of hydrogen
peroxide in the concentration of about 0,001%.

- ve e e en o R e AR e W Mh M BB W2 e e em W AR R A Sm s R M e S e ap e

* Alternatively, commercial TiO, may be fused with 15 -~ 20 parts
of K, 820? and, after cooling, tﬁe fuelon may te diasolved in

cold, dllute sulfuric ackd.
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Another sensitive color reaction is the so-called
Schern-Schellhase reaction (6), in which a blue color results
from the interaction of a freshly prepared, alcoholic, dilute
solution of gualacum resin, contailning dlastagse,with hydrogen
peroxide, which is said to be destected in dilutions up to 50
million parte of water., Thie reaction has been apprllied, e.g.,
to the detection of hydrogen peroxide in milk (7). Other oxi-
&1zers, howeier, such as oone, chlnrine, or nitrous asigd, also’

-~ glve the color with gualacum t‘ncture, even without addition of
: diaatase. S -

.One of the very senaitiva qualitatlve testa ror hydro- o
gen peroxide is the decolorizing of black lead sulfide, forming o
white lead aulrate.' _Application hag been made of this_ reactinn o
An a microchemical teést, in which- lead aulride 18 formed on

" pHotOgraphic paper, Whiol, after fixing, 1smtreatéa with- dmiut&mmw&ujfjif;i#

—lead ;acetate aolution fo%}ovad by a--splution of hydregen sulfide.
 Applicatioh of a solution containing less than 0.001 mg hxégog? S BT

peroxide tio-the printing paper reaults in a lightening of the ,“”“
-“‘oolor of the lead sulfide (8). Furtner refinements of this eat (9)
“are reported capable of deteoting O. Ul ¥ (1 x 10™7mg) hydrogen per- o
oxide in a limiting concentration orrl in 5 x 107 p.b.w. of solu- B
tion, The test will alao be given by other oxidizing agents.

The redueing ae well a8 the oxidizing oharacteristios

of hydrogen peroxide have been drawn upon for the detection of

this substance. Thua, Felgl and Frankel (10) desoribe several

spot tests for hydrOgen peroxide, including ite reducing action

upon a dilute mixture of reiric chloride and potassium ferri-
cyanide, resulting in the formation of Prussian blue, As little

as 0,000l mg of hydrogen peroxide can be detected in thls way in

a concentration not much above 1 part per million. Reduction of
solutions of gold salts, yielding blue or red colloldal solutions
of gold, 1s employed in another test of approximately equal sensi-
tivity. Similarly, hydrogen peroxide reduces nickel(III) oxide with
a conaeqﬁent lightening of the color, and & microchemiocal test,
depending upon this effect, i1s sald to be capabls of detecting as
little as 10"'5 mg of hydrogen peroxide in a concentration of 0.2 p.p.m.
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Certaln of the colorimetric methods which have bheen
adapted to the quantitative determination of hydrogen peroxide
are mertioned below. Another interesting qualitative test for
hydrogen peroxide depending upon the 1um1nescence producé&_iﬁ_"

- the presence of luminol reagent (3-amino phthalic hydrazide)
'oégglyzed by hemin was first cbaerved by Gleu and Pfannsteil (11)
and was discussed by Langénbeok and Ruge (12), and alsc by Bteig¥ o
mann (15).4,Thevreagents employed by Steigmann consisted of solu- ' !
tions of luminol and of ocuprio gulfate and a fresh solution of
godium peroxydisulfate, Na,8,0 8‘- A mixture of the three solutions‘
in appropriate quantities shows luminescence with ag little as .
', 0.2 5’(2 x 10 mg) of hydrogen peroxide.. The test, however. 18
noﬁ:completely speoiric, as other eubatan*aeT"such“s’peroxybenzoic %_

- aoid and .ammenium peroxysulrate,mare_able_ta_produaa“chamilnmAnas~
’ cence alao, tThough at of’very‘ﬁIéh'ditﬁfldﬁﬁ (ihout“c OIST"" ””f"i
| Other ‘agpects -of ssNaitivs mathods of dwtestion of ‘Yydrogen per=
~oxide based upon luminescence— ﬁhenomena,were diacusqed By -
Schales (). -

) A sensitive color teat for hydrogen peroxide whioh can

deteot 0.2 mg of hydrogen perocxide per liter and deaoribed by
G, Denigea (15) depends upon the fasts that in mmmonlacal solution
- ,rarricyanide ies reduced to ferrocyanide with liberation’of oxygen
and that orange AgSFe(CN) is readily soluble in dilute ammoniacal
aolution, whereas white AguFe(UN)é i1s insoluble. A reagent con-
talning silver ferricyanide dlssolved in ammoniacal _solution re-
acts with a sclution 6ontaining hydrogen peroxide rorming_a white
turbidity. 8Silver ferrocyanide crystals present a characteristic
cruciform appearance. If the peroxide concentration is very
small, 5 to 10 min etanding may be required for the turbidity
to appear. Somewhat simlilarly, the reduction of the ferricyanides
of copper or zinc wae suggested by Xohn (1l6) as sensitive reac-
tions for the detectlon of hydrogen peroxide by means of a color
change,

The familiar color test for hydrogen peroxide depending
upon the formation of blue, ether-soluble peroxychromic acid has
been made 8tlill more sensitive by the use of diphenylcarbazide

{
!
!
!
i
|
t
|



L8,

which reactas with the perexychromic acld %o produce a reddish

violet cclor in the ether layer, whereas the blue peroxychromic

acid may be hardly visible. As little as 5 x 10~° g of hydro-

"zen peroxide in § to 10 cc of” 11quid may be detected inthis -~ ~—
way (17). - - '

A highly genaitive apot test ror hydrogen peroxide, -
in which o~tolidine in the presence of Fe gives a blue color '

~ with-as 1ittle as 0.025 J of hydrogen peroxide in a dilution

of 1:24,000, was reported by L. Rul'berg and L. Matveev (18). - e

Another gensitive 8pot teet for hydrogen peroxide (19)
employs eeroua’ sulfate solution, which is converted by an ex-

- ocess_ of potasslum carbonate solution 1nto a somewhat Boluble

;TgF;:bonater~ x‘urop_or o ot thiu“uoictlpss-saiuttan"treated ‘on- &

ERS AR $¥-38 SFE A T S T RO
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‘apot plate ¥ith a solution oontainihg hydrogen peroxide developa

w‘or brownish rd& color ag the\oerium 1s axiaized,

A color reaction sald to be capable of deteoting 10 5$
" of frée hydrogen peroxide in ether is desoribed. by Btamm (20).
It consista of the reducing of an alkaline goluticn containing  °
phenolphthaleln by means of zinec dust, and addition of a drop of '
the diluted, decolorized soclution and a drop of a dilute cuprioc
sulfate solution to abnut 1 ml of the ether sampie. A pink color
developing at the contact zone shows the presence of free hydr gen
peroxide. A simllar reaction, somewhat slower, is ahownh by sobe
organic peroxy compounds, as bis(hydroxyethyl) peroxide. Lecoq (21)
has also studied the application of phenolphthalein to the dstec-
tlon of hydrogen peroxide.

Other substances which have been applied to the detection
of hydrogen peroxide are tetramethyl-p-phenylenediamine (22), pen-
zidene dihydrochloride (23), 2,7-dlaminofluorene (23) and vanil-
lin (24).

The necessity for distinguishing between hydrogen per-
oxide and varlious other oxidlzing substances has resulted in the
development of a vnumber of spot tests for gas phase reactions which,
when applied in a comparative manner, make posaible the dlstinction

'-L
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procedures. Kalder and MoMaster (27) reported that if a mix-

S described by some.authors &s forming hydrogen peroxide and by. othera
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of hydrogen peroxide from fluorine, oxygen fluoride, ozone or
certain combinations of these substancea. Davis, et al. (25)
employed six epot tests as indicated in Table 1, in which *NRM

indicates no reastion, — ——— - —— IR I

Mellor (26) cited a number of distinguishing tests

7for hydrogen peroxide, ozone, chlorine and nltrogen dioxide

‘which are outlined in Table 2. In addition to the reagenta
ghown in Tables 1 and 2 mention may be made of the following

ture of ozone, hydrogen peroxide, chlorine and nitrous oxide o
1s passed through a solution of potassium permanganate, ogone -
alone escapes unchanged, and can be shown to react with etarch-

pctaasium iodide reagent in-the- ueual—way. — e gf B

%

15 passed through conoentrated chromiq acld aolution the hydrogen _
peroxidé 15 dedbmposed, BUt fhe 6ZoNe. 15 hot affected (ZB)

i

<y U s s

4

In this connaotion, although ozone and watar have been :

‘I wiv Lol
J

as being without interaciion (Ref. 26, p. 903), enough doubt re-

_ mainp sc that a proposed distinctive test for hydrogen peroxide

whieh 48 not believed to be shown by ozone must be uaed with
caution.

The related problem of establishing by suitable teats
the presence of the peroxide structure, both in the case of inor-
ganic peroxy compounds and more partiscularly in the extensive
field of organic peroxides and other peroxy compoundé; hae not
been solved to date in a completely satisfactory and unequivocal
manner.

" In thie connection, a distinction in the behavior of
hydrogen peroxide and organic hydroperdxidea. rointed out by
Cadle and Buff (29), is to be found in the relative ease with
which they interact with a solution of potassium iodide in the
pH range of 4 to 7. The times required for a known quantity of
the different peroxides to react with a known amount of potasaium
iodide at 30°C were meagured by these authors; who found that,

e Bimilarly, n‘—t mixture of mmne -a.ndr hydrossn P”“f“-f—”_
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gy TABLE 1 .
i 8POT TESTS FOR DiTECTION OF VOLATILE -
- OXIDIZING SUBSTANCES :
| [ FROM DAVIB gt al. (25) _ _ )
Reagent B T SO . B % _|.BT.
Tetrabase green- violet - violet - NR NR
Paper . blue _ -
Benzidine green=- yellow- | yellow- NR NR E
blue brown -1 brown &
_ i . . . y ! : = -
- - . - - - L . o . { B . :
XBr-flu-~ - red B red NR - NR - - NR =,
orescein o S S- - b _ _ o
Aotivated . . -bdlack, . | NR .| black- ] )
. Ag. i yellow e N S i
i . KI-starch e purple - purple | purple . ;
bo Ty ac‘l&-'nasem redthen' FR T TR & | TTOWR T ;
- ST bleached 7 R -
o \f*”e——['f‘ f o
T BF+04 . F,0+0, | F,0+HF _
s~ Tetrabase .. violet - . violet [ violet
' paper : - L S o — ' _
Benzidine  blue- - | dirty . ‘yellow- | dirty | blue- S
"t green . green=- - brown . green- | green ’
brown i brown- ' 7i brown | blask
KBr-flu- yellow red yellow | sl.red ! rea - ' -
oresceln ;
- Activated NR- NR NR , blaock lignt

Ag. _ - - - brpwn

for example, 908 of the peroxide had interacted in 25 minutes
in ths case of Hzoa; while 100 minutes and 130 minutes were re-
quired for GHBOOH and CZHSOOH, reapectively.

The differential determination of hyirogan peroxide in
mixtures of peroxymono- and peroxydisulfuric acid has received
considerable attention (5, 30, 31, 32, 33, 34 and 35):. Analysis

e ——— oot ¢
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_ for hydrogen peroxide 1n the presence of aliphatic peroxy aoias
: was studied by Greenepan and MeKellar (36)

- A procedure for ‘the

E o titration or hydrogen peroxlde in the presence of oxalate was

o . recommended by Simon and Restz (37). Quantitative snalysis of

~hydrogen peroxide in the presence of aldehydes and methanol was
studled by Wilson and LeClair (38).

QUANTITATIVE ANALYBIS

(1)

The most ouvmmonly employed quantitative procedures for

the determination of hydrogen peroxide include: combined

gravimetrlic and volumetric analysis, consisting of titration with
permanganate, ceric, or iodide lons of a weighed sample of the

- e o e mE M M M s o e e e e wm EE m e e EE ek S me ma WL wy MR Em up em mr e

% Tetramethyl AL-par

a~diamidodiphenyl methane.

Test papers are

goaked in an alcoholic solution of thie reagent and are used

moist.

##% Other sources report that ozone givea a blue color in this

test.

5.
TABLE 2
DIBTINGUISEING TESTS FOR HYDROGEN PEROXIDE
FROM MELLOR (26)
Reagent gggg;?ggr Ozone Chlorlne gigggggn
; KI and starch blue- blue blue blue :
’ Indigo solution bleached | bleached | bleached | bleached
N Litmus sglution ‘bleached | bleached | bleashed | bleached :
Clean silver foil | nil ' blackened | white £ilm unchanged :
~ Meroury bead nil tail on white unchanged %
- : .o R " glase , - :
T 0r0g and ether blue nL1es nil nil
Titanie acid yellow nil = nil nil : :
e Tetramethyl TRl - violet | blue | yellow to. é
oo .. o base* = - S S U R (S ‘brown -
e —'wxmoﬁ-ﬂsvlutibn —= | -dsptLoP- - Tuﬁchzmg&a—-— - faolorar| décél&rwﬁwwwlfm
Lok e B ~¥rized iiﬁé;*:
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golution; (2) volumetrioc analysls, consisting, for example, of
titration with soluticnse of permanganate, ceric, or lodide

ions of a known volume of the sample, with reference to a
_density chart; (3) gasometric analysis, measurement of tha
quantity of oxygen evoelved in the catalytic decomposition

of a known quantity of the peroxide solution; and (4) physical
procedures, such aéﬁﬁ}rect measurement of the density or re-
fractive 1ndei bf the solution in the absence of other dis- _
solved materiale In addition to these principal methods of
analysis, which will be desoribed in ‘some detall, various other
procedurea have been suggested, which will be briefly referred
to below, ‘inecluding colorimetric analysls and catalytie decompo~

gition processes. Converaely, it hag been proposed that the

‘determination of the water oontent of aqueous solutiocne of hy-fi,‘

wdrdgerr peroxide may be garried out by titration with the ajd.. TR e

, ‘of the Karl Flscher reagent (oompnaad of iodine, sulfuy aioxida, o
irr pyridine and- methanol), tne _end~point’ beirg 1ndieated by a broy
color r due to an excess of 1od1ne (39).

""Volumetric Methods - 5 - - S - -
Permanganate T;tration. This method 13 one or the

most exact and rsliable of all the procedures oommonly employed
in the analysle of hydrogen peroxide., It i1s applicable both in
dilute and in more concentrated solutions with a 1imit of sensi-
tivity of about 0.1 mg per liter. Organlic or inorganic reducing
aubstanoces which are capable of reacting with permanganate
naturally interfere with the method.

The reaction employed was first observed by Brodie (40)
and by'Schgnbein (41), and confirmed experimentally by the work
of Aschoff (42) as following the requirements of the equation:

2KMnO, '+ 5H,0, + 3H,80, —> K,50, -+ 2MnSO, + 8H,0 + 50, (1)

A number of investlgators have concerned themeselves with estab-
lishing the source of the oxygen llberated in this reaction,
whether 1t 18 formed by contributions from both the hydrogen
peroxide and the permanganate, or whether the hydrogen pernxlde

=
=
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alone ylelds the gas. Although evidence has been presented on
both eldes of this question, 1t appears to be clearly established
.- that the hydrogen peroxide alone ig the suurce of the liberated

oxygen, and that the oxygen originally constituting part of the
permanganate ion appears in the products as water,

The standardization of the potassium permanganate solu-

“tion used for this analysis is best carried out wifh sodium oxélate,

according to the carefully evaluated procedure of Fowler and
Bright (43),-

) Procedure. *Transfer 0,3 g of sodium oxalate (dried:
at 105°0) toa 600 ml beaker. Add 250 ml of dlluted sulfuric -
acid (54 95) gpevioualy ‘boiled for 10 to 15 minutes and then

—cooled to 27 * 30C;- 8tir until-the oxalate has dissolved. Add
.39 to 40 ml of 0.1 N KMnOy at a fate of 25 to 35 ml per minute.

‘5::whil§"iftrrrn EIUwTy7t,hat“atand~until the -pink -color Adleap~. ..
peare (about F5 gmvondyyi* —Heat- to 55-t6-6000;--and -complete .-

the titration by adding permanganate until a faint plnk eolor
_ persiéts for 30 deconds, . Add the-lapt 0.5 to 1 ml dFePwWid *With
‘partlicular-care to allow sash-arep 1o bacoma decolorized before

' the néxt is introduced,

" YDetermineé the excess- of permanganate required to im-

' ’ 5Part a pink color to the solution., This can be done by matehing -

.the color by adding ‘permanganate to the same volume of the boiled N
and coodoled diluted sulfuric acid at 55 to 600°(C. !hie correotion
usually amounts to 0,03 to 0.05 ml.

©  ¥In potentiometric titrations the oorreotion is neg-
ligible if the end point is approached slowly."

The concentration of the permanganate tltration solu-
t;bn is conveniently selected to sult the strength of the hydro-
gen peroxide solution being teated. A 0.1 N solution is service-
able over a wide range of peroxide oconcentration other than the
most dilute solutions; but concentirations aa high as 0.5 N are
often employed, with a corresponding increase in the sample j
welght taken for anslysis. As 18 apparent from inspection of
the equation for the reaction, acid is required, which is usually
supnlied by the addition of dilute esulfuric acid to the solution
to be titrated. Hydrochloric acld or other sources of chlorlde

- e BE Em e we e em M ma s —m M es e WS e e ma mm e Ea  em ML me e ws  m mm e

* If the pink color should peraist hecause the permanganate 18
teo estrong, discard, and begin again, adding a few ml leas of
the KMnOu solution.
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ion are to be avoided, as the permanganate will also oxidize
chloride ion to chlorine, and the titration accordingly will
be subjest to error. If the presence of chloride cannot be
avoided, and particularly if ferric ion may also be present,
1t is recommended that 8 manganous salt, such as the eulrate,:
be added, in the presence of whish the oxidation of chloride
by permanganate is greétly retarded. The presence of merely

a trace of mangancus 1on in the titration eolution furthermore

exerts a catalytioe influence upon the oxidation-reduction Process o

and ensures instant resotion between the permanganate and the

pink color caused by addition of the first few drops of perman-

7,44_*ganate solution, added in the t;tratlon, ‘may require some time

to fade. out by 1nteraotion of the permanganate with the golu-

7T T has- Been-Lopmed §he TEARSTLoH-Bpe

“redueing solution. In the total absence of- manganoua salt.the 74{7

e discharged instantly on mixing with the solution. S

The presence in the peroxide solution of organio
preeervativea, auch as ealicylic acld, glyoerine, ete., ob-
 viously may lead to erroneous results by reacting themselves
with the permanganaﬁe; and large proportions of calcium ealte

or of titanic acid have heen found to lead to low results.

For the analysis of a concentrated solution of hydro-
~ g¢en peroxide, e.g., $0% Hy0,, proceed as follows. ' )

Procedure. Into a weighed clean, dry weighing bottle
place 10 drops (or no%t more than 0.75 g) of the 90% hydrogen
peroxide solution and reweilgh to determine the sample weight.*®
Introduce the contentes of the weighing bottle, with the sid
of a funnel and wash-bottle, infto a 500-ml volumetrlc flask,
and when the flaek ie nearly filled, gently mix the sample by
‘rotating the flask and finally fill to the mark and mix
thoroughly by shaking.

To 25 ml of the solutlion, pipetted from the flask
into a 250-ml Erlenmeyer flask, add 1 ml of oconcentrated sul-

- Em mm em m Em B em Em W m mm M e ew mm um  w wm em am wm am e W m " s e e

* In working with dilute solutiona, of the order of a few per-
cent of hydrogen perozide, larger samplee, such a8 10 g,
should be taken.

;‘"tian being titrated, butwaa~saon “AB— A~ minimal~quantity or—ﬁﬁ S
,_sﬁup and tha~p¢nk;nvla¥ 1ﬁr““"—““’
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furlc acid., From a burstte add C,1 N KMnO, asnintian,* af a
rate not over 0.5 ml per second, wi-%: ~one%ent stirring. The
end polnt is consldered as reached when a faint pink color,
persleting for 1 minute, 1s.attained.. A brown color, due toc
manganese dloxide, may ccour if the permanganata 15 added too
rapidly, or with insufficlent stirring, or in the presence of
a deficient amount of acid. 1In any event, such a sample should
be discarded, ae the results will be in error. The weight per-
eent or hydrogen peroxide ig caloulated from the results ob-

- talned by this prooedure, in which an aliquot of L/zo is taken,
by the Fxpresslon' . _

3
1

Weight peroent nzo2 (ml KMnOu)(Normality xnnou) x

3M 0)/(we1ght H

202 eampleﬂin grams)x

For routine and eomewhat lesa accurate work the eample

maymbe ta.k.en_by pipette; and the weight of sample deférmined by
“refersnce to a deneity chart®*If ‘the degree of aoourasy sought.

reﬁuiren i%, &ye regard to-the- ohenge 4An deneity ‘with ehenge'of

temperature Tust be exercised

Varlenﬂs of fhe above procedure in which permangan&te

ig used iriclude the reaetion of the peroxide solution with known

quantities of ferrous aalte or of gtannous ohlcrlde. titrating the
excess Oof these reducing substances with permanganate solution.
Or, the permanganats may serve to liberate gaeeoue oxygen, the
quantity of which le determined gasomstrically. However;;in*

the absence of interfering substances the direct titration,
referred to above, appears to be entirely satisfaotory. -The
indirect methods appear to add lititle to the efficacy of the
determination., Thie acouvasy of the permanganate titration for

the estimation of hydrogen preroxide was examined by Huckaba and

- e S o e T e W TR MM T em M8 e Em e Wy eE S me e s M M W o e e e

* A 1.0 N solution of KMnOy contains 1/5 of a gram molecular
weight per liter, 8o that a 0,1 N solutdon contalns 3,1606 g/1
of KMnOy. Thus, 1 ml of 0.1 N potassium permanganate corre-
sponds to 1.701 milligrams of hydrogen peroxide. Such solu-
tiong keep well for long periods of time if, when made up, the
eolution is heated and subsequently filtered through a sintered
glass fllter before standardization. The bottle should be kept
in the dark or protected with a black cloth or other light-
proof coverling,

*# For this purpose it ls convenlent to prepare a chart of

normality as a funetlon of welght percent hydrogen peroxide,
natne the relation @ $ = 1L.7N.

|
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Keyes (44) by comparison of the results with those obtained
by a catalytlc gasometric decomposition method, and good agree-
ment, within 1 part in 5000 between the two methnds was reporde

- Icdimetric Methods. Somewhat lees accurate than the
permanganate method yet widely used, espeoiﬁlly if the hydrogen
peroxide solutlon is not tec dilute (1 to 6%), 1is Kingzétt’s
" method (45), in which slightly acidified potaasiumriodideaeolu-
tion 1is employed, (preferably in the Bfésenaé of a traoe_df
" “ammonium molybdate as a oatalyst (46)).. The reactions 1nv61ved
are the follg wing, in whlch it 18 to be noted *hat the 1od1de
“ion acts as a reducing agant.

',. e
i' i

329, + ZKI +H 804 2____2

80, +2H,0  (2)

"

i!‘ﬁié:i}ﬁdli;..ﬁ.. LR

— ORI LZ,-!- 2Ne.zﬂ 93 __Ns,.,shGg +aNaT_ T r (3_)__ e

A typlcaI‘pvooednre oonsiste or/the ad&ition of" the peraxide*
solution. appropriately dilute, to 50 cc of a 1% KI. solution,
~acidifled with 1 ee or L:4 H sou eolution, and .warmed to 40°g, -
After stirring and allowing to stand for 5 minutes, the Llodine

" 1iberated is titrated with thiosulfate solution, with or without

the use of starch indicator. 8ince on prolonged standing of an '
acldiried potassium 10dide solution in contact with air liberation

of iodine may be expected without further added reagents, 1t e
desirable to correct the results of this - iodometric process by

means of a blank run with a similarly acidified potassium ilodlde
golution left to stand under the same conditions of time and tem-
perature.

It is obvious that thia method carnot be used in the
preagnce of other oxidiuzing agents which are capable of libarat-
ing iodine from an lodiues, such ns chlorine, ozone, nltric oxide
or nitrous acld; or of unsaturated organic substances which could
react with the liberated lodine,

Other Volumetric Methods. Cerlc sulfate tltration has
also been recommended. (47) for the determination of the concentra-

tion of hydroren peroxide colutlons, eaepecially ln the presence of

Rk
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organic matter. It is reported that in the presence of peroxide-
free ether, ethanol, or a mixture of the twe, the ceric ion
titration to the ferrous-1,l10-phenanthroline end peint, or %to an
electrometric end point, gives more satisfactory results than

~the permanganate titration. Ceric sulfate solution can be em-
rloyed in a manner exasctly analogous to the titration with
'permanganate but the end point 3s somewhat less distinct (19).
Rhodamine 6G is recommended (48) as.an. indicator for the titra— ,
‘tion with ceric ion. .- B T R S

' A volumetric procedure for the determination of hy-
~ Arogen peroxide which depends upon its reducing properties employs

T an exo@aslof potassium 1odatse solufion;'in the presence of oon-

siderable hydrochloric acid. The iodine Iiberated is oxidized

__the presence or a traoe of excess -lodate the . Lndlaator 1§ daoolor—jﬂ

ized., The methﬁu 1a not speoiric for hydﬁoéan peroxide, -having

4_§Og§wggplqye§ with various. other_reducing agents, suck as ferrous

and thallous ions, thiocyanate, thlosulfate, and b;gulritb-iQﬁs,
‘hydrazine and phanylhydrazina, sto. (b9)

Other methoda include potentiometric titration with ‘

alkaline sodium chlorite solution (30), which is said to be ap-

plicable in the presence of such peroxy salte a8 KZSZOB, K2805

or peroxyphosphates. Titration potentxometrically with K3Fe(ON)6

in the presence of potassium hydroxide wes alsc desoribed by these

authors, while Singh and Malik (50) emplcyed Na2803 a8 reducing
-agent in acld solution with excess potassium lodide in a potentio-

metric process,

Deniges (51) also developed a volumetric ferricyanide
nmethod, Belcher and West (52) applied mercurous nitrate as a
reductimetric agent for hydrogen peroxide determination.

Sohwiocker (53) used an excess of KH803 to reduce hy-

- Wma Em wm ws em wm =B wm wm e mm m e e S mm em e S e e wm  mm M we e em e e m e e

® The dyestuffs Amaranth, Brilliant Ponceau SR, and Naphthol
Blue Black (British Color Index Nos. 184, 185, 246, respectively)
may be used as indicators. They are not destroyed by high con-
centrations of hydrochloric acid.

nee_of an*indicatcr*jagd‘in*‘*“ff
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drogen peroxide, the resulting free sulfuric acid being deter-
mined by tltration with sodium hydroxide after addltion of suf-
fiolent 3% formaldehyde sclution to react with the excess of
bisulfite. Van der Meulsn (32) titrated hydrogen peroxide in

the presence of peroxysuliate by camic acid; followed thereafter
by determination of the peroxysulfate by the ferrcus icn-perman-
ganate method. Potentiometric determination of hydrogen peroxide
in the presence of peroxysulfuric acids was also disoussed by
Isida and Yukawa (33) and by Denisov (34).

. - A sensitive and accurate vcluneuriﬂ method, due to -
Xnecht and Hibbert (54) employe a dilute aolution of titanoue

~ ohloride, T1013, which when added to an Aoidiried solution eon-
auses a oh&ngd of eolorto yallow,j—*

baining hydrogen peroxide,
jnsn_ﬁp_degnﬂgzangnmiparoxytltanio aciﬁ),_gin;lly _to_ oolorless;-

45 ~the Peroxy &oid Y8 Faaussd 6 tItanium dioxide. The nsﬁx&i*

1.r:pp1km1t even in the presencs of- u:-giﬁzté SULEtANGes bm: o
“the titer of the fiiﬁnqus ohlori&b é‘Iutian must e nontinually -

checked by means or a solution of - rerric ohloride, prepared in
turn from a known quantity of rerroua ammonium sulfate, However,
Tritton (55) found the titanoue chloride method inferior to the
parmanganate or 1od1metrio methoda.,,

- The titanous chloride method may also be applied
colorimetrically, and is moet effeotive in this case for deter-
mining small quantities of hydrogen peroxide when present in
highly colored solutions, where color changes oan be determined
asourately. The method, referred to below (under Colorimetrio
‘Methods) is discussed by Reichert, McNeight and Relael (47),

together with an aooount of various other methods for the deter-
minatiocn of hydrogen peroxide. :

Gasometric Methode

Thess methods are based upon the measurement of the
volume of oxygen from a known quantity of a solutlon of hydrogen
peroxice, either by the catalyzed decomposition of the peroxide:

2H,0

|
|
Coakde




__-results in a 11l molar relatiéﬁrnip'betweaﬁmhyd@oganmﬁenoxids
o Aand’fbsulting oxygeén, - -
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or by interaction with an oxidlzing agent such as an acid
permanganate alkaline ferricyanide, or neutral scdium hypo-

chlorite (56) solution: =~ T s e e

2KMn0,, + SH,0, + 3H,80,, = K80, + 2Mn80, + BH0 + 50,  (5)

, 2K3Fe(CN)6 + 2KOH + H,0, = 2K,Fe(OK), +i?HZ +foz : (6)

Naocl + H, 205 Ns.cl +H20 + oz : ' ' (7

| - In-the catalytlé’deoohboeition process it will be noted that
T i one mole of hydrogen— peroxlde yielda but half a mele of oxygen,\\
“‘““*“—ﬂ—whereas—tha:reaoticns o:_hydrogﬁn_p_roxide with ﬂxldiz1ng agents

e s can i

In the catalytio prooesa ‘the hydrogen peroill‘*preéant

“in the aample may be decomposed with the assistance Qiﬁfine;y B

divided platinum or silver or of colloidal solutions of these
metals, or of solid manganese dloxidé; the volume of oxygen

liberated being measured in a suitable gas volumetric apparatus.
Catalase is often used in biochemical work (57).

_ Vhether the oxygen is derived direotly irom the catalyzed
decomposition of hydrogen peroxide or from interaction of hydrogen
peroxide with an oxidizer, the results are subjest to two sources
ol error, namely, the solubility of oxygen in water and the possi-
bility of supersaturation of dlssolved oxyren in the solution
employed or in the confining liquid of the gas measuring apparatus.
If a mercury burette 1s employed, a milliliter or two of water,
saturated with oxygen, may be placed above the mercury menlscus

in the burette, so that the oxygen collected may be brought to
saturatlion with water vapor at the temperature of the burette.

One form of an apparatus for gasometric analysds is depicted in
Chapter 9. Matsuura (58) proposed to determine the gas evolved
from hydrogen peroxide decomposition by measuring the amount of
foam (stabilized with saponin) developed. For everyday practice,

A
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the gasometric method is not I'requently resorted to, being less
convenlent than some of the alternative procedures,

Colorimetria Methoda

Tha oontent or hydrogen peroxide 1n very dilute solu-
tions has been eatimated by several colorimetric methods., For
example, the color produced when a starch-potagsium iodlde mix~-

- ture 18 allowed to react with the sample containing hydrogen

peroxlde may be used, within certain limite, to serve as an
‘index of the peroxlde content of the sample (59). Although of

apparently high sensitivity, Buch a. metho& is open to some un- -

certainty, for it 1§,ramilia: that dilute solutions of hydrogen
peroxide react but slowly with potassium iodide; and, on the

1fother hand, -prolonged- standing in eontgct with air will bring 4‘ﬁ T

_1on toj{pee ledinefm»mhe—range~—~fo{

. fodide method is upplim‘.ré u rm abam o.@s mﬁer 1.{%:- 1‘.1:' S
~ about 0.5 mg_per liter. The 1noreaea in intensity of the Slue~—fé——
- ¢color imparted to starch by lodine when more than 1 mg per liter

of 1odine 1s liberated oannot be followed quantitatively. k-

i
[

The reaction of peroxide with iodide ion, follownd by el B

epectrophotometry of the resulting 1odine aolution ‘at_ 350 milli-
microns has been found capable of deteoting as 1ittle as 0.3 p.p.m.
of hydrogen peroxide (60).

Legs sensitive is the colorimetric estimation of the red
color of ferrio thiocyanate resulting from reaction of ferrous
sulfatve solution with hydrogen peroxide in the presence of ammonium
thiocyanate (61). The lower limit of sensitivity here appears to
be about 10 p.p.m. af hydrogen peroxide. If the solution ia oclear
and otherwise transparent to ultraviolet light, direet speotro-
photometry may be carrled out on hydrogen peroxide solutions at
concentrations as low as about 8 p.p.m. hydrogen peroxide (62),

The peroxytitanic acid test has been adapted to a colori-
metric procedure for the determination of small quantities 6f hy-
drogen peroxide in mqueous solution (63). The reagent solution

Bl ® o bt TR P AN ST S
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employed by Bonét-Maury (60) consisted of 10 g of T1(80,},
50 ml of water and 20 g oconc. sulfuric acid, and was allowed
to stand 24 hrs and centrifuged to clarify the golution.® One
drop of the reagent added pg;ﬂﬁi of solution tested developed
a color which was measured in a photoelectric colorimeter qnd
compared with a curve constructed from known quantities of hy-

As 1little as 0.1 nmg of hydrogen peroxide per
11ter is said to be detected in this way. -

SOmewhat lees sensltive than the Ti(sou) reagent 'a

-solution of vanadium pontoxide in concentrated sulrurlc ‘aecid

has also been used for the deteotion of hydrogen peroxida (62).
The oolor ohange is from green to brown,-

" Aminopyrine (65) has also. ‘been propoaed for the:

microdetermination of hydragen paroxide, may be mentioned which

"1nvolve pointe of 1nteraet.

ferron reagent, ** which forms a dark green complex with ferric
fon, but not with ferrous ion, in the miocrodetermination of
hydrogen percxide. The amount of Fe' F+produoed by oxidation
of Fs*'*by’hydrogen peroxide is determined and the correspond-
ing amount of hydrogen peroxide may then be caloculated. Ions
of heavy metals interfere as well ac anions of oxidlzing or
reduwoing character.

The polarographic microdetermination »f hydrogen
peroxide (67, 68, 69, 70, 71) depends upon the faot that when
oxygen dlgsolves in water the polaragram obtained shows two

wn e e e o me e M R M E W e e ER e s e e o am e @ e = @ M wm m W =

# A T41(80,), test solution may also be prepared aocordlng to
M. Eisenb%rﬁ (6L4) by dlssolving lg T102 in 100 ml conec. 80y,
by heating 15 hrs at 150°C, cooling and®diluting with 400 ﬁ

of water.

#% PFerron 18 7-1odo-8-quinolinol-5-sulfonic aciqd.

- ——-nusha,'ﬂigaehino and nor-(eé) deseribe the use. of

colorimetrlc 4g§§§glnat;on_gxwhydxgggn_pgrgxiie"**'“*ff- G ——
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plateaus, one due to reduction to the peroxide state, the second

to reduction of the peroxide. As little as 1 3/ in a 2 ml sample
_”13 said to be detected by this method

Gigudre and Jaillet (68) also studied the polarographio
analysis of dilute hydrogen peroxide solutions especially with
the purpose of ascertaining the applicability of the dropping _
mercury electrode with a stationary platinum electrods tolthe._‘E*

- -continuous analysis of flowing solutions; dnd conoluded that for
thies purpose solid microelectrodes were of little ValuQ. The
polarographic method hae also been applled as a oontrol of purity
of hydrogen\peroxlde aolutlons,by the detection. of the presence

, of such impurities— as 1ron, lead and copper oompounde (63), a8

-~ —well a8 to the determination of the ocontent of atabilizers,,suoh

- —af=stannate »~-Redmera (7%) daveloped——-a~-polarograpth&th0¢i OJ‘»———-—————~—-QI-¥~

.
JEE

tha ‘detection of hydrogen perozide in the presence of “etler

Phxeiogl Methoda of Analxgi ’_ - ST o

-
— . [
: i

. For uhe rouﬂine determination of’hydrogen peroxide in
7;,:,”14;47 aqueoue solutlons, and in the _absence of other soluteas, _rescourse

-~ -may be taken - to purely physical methods of determination, such
as measurement of the refractive index or density of the solution.
The refractive index of the eolutlion may be quickly measured, as
with a dipping refractometer, and the conceentration of the per-
oxide determined by reference to avallable tables (73). The re-
gsults are said to compare ravofably with those obtained by titra-
tion methoda. The obvious advantagy s of conveniencse and speed
in thie metiudd with the dipping refractometer are in part offeet
by the axpense of the equipment required and the faot that a
relatively large sample 1s necessary. If the more convenient

| Abbe refractometer, which requires only a small eample, is used

there enter the probleme of carsful control of temperature as

well as protection against catalytic decomposition of the hydro-
i g6n peroxide sample.

Again, in the case of pure aqueous solutions of hydro-
gen peroxide, the determination of the density of the solution

. “’peroxide. T B T T ?jjiiff.“’j‘iiz,.,. P
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offers a direct measure of the concentration of the solution.
Data such as that gilven by Huckaba and Keyes (74) or the Data
Book of Becco Sales Corp. may be employed for this purpcse (see

- also Chapter 5),. —It -ie-necessary to observe that in the deter-
mination of denslty, elther pycnometrically or by means of a
Hydrometer, formation of bubbles of oxygen, caused byﬂdsoomposi-
tion of the percxide, may introduce .appreciable error (75), .

Infrared absorptlon hv hy&rogen peroxide is not suf-
fioiently strong to serve as a, satisraotory basis for a method
of analysis, Ultraviolet absorption by hydrogen peroxide is .
strong, and, although Beer's law does not hold gtrictly, reason-

" able ascuracy may nevertheless be athieved by this means.'pThs"

method is espsoially appliosblejjo the analysis of vapors (seef
Chapter-5), Other physical propertles have been 1ittle uaed for

W of the céncéntration of- peroxide, 1t could only bs‘ustd‘wifh the
purest asamples; the prsasncu of . eleotrolytic 1mpur1ties, which
L affeot’ the conduotivity,,has baen found to bo prohibitive (76).
__fA””J Galvsnic cells have “been proposed,(??) ror the detsotion of—f——-
— ‘ﬁhydrogen‘psroxids. ' '

DETERMINATION OF ADDITIVES OR CONTAMINANTS -
IN HYDROGEN PEROXIDE SOLUTIONS

It is sometimes of cornslderable importance to establish,
qualitatively or quantitatively, the presence in hydrogen perox-
1de solutiona of small concentrations of varlous additives such
as stabilizers, or contaminants, especlslly of catalytic metal
ione., It has been indicated above that polarography may be use-
ful in this regard (69); for example, in the detection of the
pressnce of such catalytic ions as ferric. oupric and lead lone,
or in the esetablishment of the presence of stannate stabilizer.
Alternatively, a sufficiently large sample may be evaporated
and/or decompoeed, under conditions such that the contalner
may ncintribute only a minimum of material (and that of known

i

S the- analysis-of~ hydrogén pororide—s01Iutiont h—“ilthough“fhE‘&1“”*”‘”:'“51
“1~§‘,,'~~“—alsotric conetant - ‘would Epﬁtﬂr to offéiwan.atirtctirf'mfssurs




““f”“_—“ﬁnd—ths_zrssntﬁ sontent should be less than 2 p.p.m., A limit or ";“;jj***
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composition®*) to the residue obtained, which is then examined
speotroscopically., If decomposition of the hydrogen peroxide
gample is permitted to occur during the evaporation of the

_8olution, care must be taken that the spray attending the

decomposition does not entrain sizable quantities of the dis-
solved material, which then will be lost from the final residue
to be submitted for analysis.

Such a non-volatile regidue may be expected Rlo] vary _
gomewhat with the concqntration of the peroxide solution em- - -
ployed. In the case of a 3% solution, the U. 8. Pharmadopoeia . o
“XIV, p. 286, specifies that s non-volatils residue, obtalned - _j*ffff’
by evaporating 20 occ.of the ‘solution to dryness on a water bath o [
followed by drylng at 105 for 1 hour, ‘should not exceed 30 mg._” 5f' T
" Heavy metals should be presént in amounts not exceeding 5 p.p.m., SR

. over 2.5 ml of 0,1 N sodium hydroxide is required to neutralize = -

;,_J the American Chemiocal Baciety (78) ror reagent chemicals. Pro-~

500 p.p.m. is plauad on the preeervative used in stdbilizing the - m;ii; i

i
S ¥

_solutien. _ThHs. acidity’ur the -solution should ba snch that not- 1 -

25 oo of the peroxi&e solution., 8lightly different limits are .
. get for 30% hydrogen peroxide in tha apecirications given by .

cedures are given (78) for testing for organic residue, nitrate,
chloride, phosphate (79), sulfate, ammonium, heavy metsla, and
iron, Fluoride and oxalate also are sometimes determined. Deter-
‘mination of silica in hydrogen peroxida (80) ie of 1mportanoe in
bleaching operations.

- em oy ER wm MR m me s R wa WE Em @ e B M MM e Sm Em W am e T gy W ma em W e e

*# It 1s clear that even if the contalner consists of such inert
materials as high-purity aluminum or a borosilicate glass, some
8light pick~up of these materiale by the solution 1s inevitable.
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CHAPTER ELEVEN
| USES

The'rirst commercial usee of hydrogen peroxide were as
an antiseptic and ae a bleaching agent, particularly ror eLbatanoea*
of - animal origin such as hair and wool, which are eaaily harmed by
othégrﬁleanhing agents, However, until 1910, hydrogen ‘peroxide .
was manuractured exoluaively from barium peroxide and the 1cw ata- B
bility of the product plug the high cost -associated with handling .

and trnnuporting the low concentrations produced (up to “about 5 wt. %)

1nduatr1a1 nations during the perlod 1910-1925, 1nvo1ve ;
of hydrogen peroxide as it is formed by hydralysis of & peroxy com~
pound, followed by rractional oondenaatlon of the product. . As a
cohsequence, a much purer product of higher stability ‘and higher _
concentration was produced which led to 1nqred‘1n§‘i€09ptanoo. In
non-military applications, the principal consumption of hydrogen
peroxide has been and continues to be as a bleaching agent. Bub-
stances of animal origin are most commonly bleached with hydrogen

-peroxide. In the bleaching of cellulosloc materials, hydrogen

peroxide has been graduaily replacing or supplementing use of
hypochlorites. Thus in 1952 most of the bleached cotton cloth in
the United States had been trsated with hydrogen peroxide, either
a8 the sole bleaching agent, or as an antishlor following hypo-
chlorite bleaching. In the last few years there has developsd con-
siderable use of sodium peroxide and hydrogen peroxide ln the
bleaching of groundwood and to some extent to supplement use of
chlorine and hypochlorite in bleaohing of chemiocal pulp. Increas-
ing amounte are alsc being consumed in the manufacture of organic
chemicals. Very large quantities of concentrated hydrogen perox-
1de were used during World War II, particulariy by Germany, a8 a

. =7 geverely-limited its applications. ~The elé&tr°1yﬁiﬁmpr55°9§°°' »éi;ff{ T
T "Which lapgely gupplanted .the barium peroxlde processes. 1n the mad°r

o et o i e (e ——
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propellant. These and other uses are discussed in more detall

below.

Figures on the-world and United- 8tates production of
hydrogen peroxide are given in Chapter 3. United Btates pro;uc-

- tion in 1951 was approximately three timee that in 1945 and

sbout ten times that in the period 1915-1930. Little quantita-
tive-information is available on the end-use of hydrogen per-

A U. 8. Department of Commerce report in 1947 (1) gave
the following relative distribution of uses of hydrogen peroxide
4in the United States during World War II.— -

RELATIVE USES OF H!DROGEN PEROXIDE

- “‘; I g’nm UNITED BTATES; 1944-bg - —— -

Non=Military S .
Textiles ' ~ - 35,3 '

Chemical Procesaing - - 9.3
Vi Resale and small orders 13.0
' “Miscellaneous : - 8.5
. "Drugs & Cosmetics ' 3.9

R Total of Non-military usee- 70.0 -
Military 30,0

The classifications arse somewhat vague but it 1is

" indicated that the textile industry le the most important non-

military consumer of hydrogcen peroxide.

Another report in 1946 {2) indicated that at that time
20 - 308 of the bleached cotton was bleached by hydrogen peroxide,
65 - 75% by hypochlorite and about 5% by both., However it is
known that the introduction of continuous bleaching processes
using hydrogen peroxide, partlocularly slnce 1946, has displaced
most of the uae of hypochlorite indicated above. In the United
States, the amount of hydro,en peroxlde consumed \n the bleach-
ing of wool is emall relative to its use with cotton, although
the opposite is true in Great Britain. The distribution of uses
of hydrogen peroxide during recent years has been estimated by

ey
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| Kauffmann (3) to be approximately as follows:
o _ _TABlE 2 _ __ _ L _
DISTRIBUTION OF USES8 OF HYDROGEN PEROXIDE a
Consumed gx}* o . 1242 1949 B '}251
Textile Industry 70% 60% 55%
Cther Industry - . 309 L0% _,”45%
B - - Consumed For: : - A v
B Bleaching =~ . 788 ~dog - 708
Other, Purposes _ 228 régngiﬁri‘, 7305
- 4'\ . Imports of hydrogen perOxide 1nto the United Btatesfi L
I puva been relatively hminor 1n .amount, for at 1eaat the list twenty.

e ‘tha value otrhyivogen'psrﬁxzde ARPOrts yag 18w E-gﬁah ;25 oo0 per -
g == year, as 1ndxcated by the fact that hydrogen -peroxide was nos
77 1isted in the U. 8. Bureau of Census report covering this periocd,

2 The 1952 U, 8. selling prioea for hydrdgen peroxide in
4 _commercial quantities-are quoted in Table 3 (&) oo - - =

TABLE 3
SELLING PRICES OF HYDROGEN PEROXIDE, 1952

Price per pound of Price per pound

" gone., wt. % aqueoug solution of ocontained Haoz
3 $0.037 - 0.05 $1.25 -~ 1,66
27.5 0.175 ~ 0,195 0.635 - 0.705
35 ' 0.207 - 0,235 0.595 = 0,67
90 0.67 - 0.75 0.745 ~ 0,835

The average selling price of 27 - 35 wt. ¥ hydrogen
peroxide solutions at New York has varied between $0.55 and $0.70
l per pound of contained hydrogen peroxide during the pericd 1940 -
1953. The U. 8. Ceneus of Manufacturers for 1947 quotes the value

at the plant of 27.5% solution as $0.515 per pound of contained
hydrogen peroxide.

Ao 'br»%apa _yoars.For-example; -during the recen%mperiod-of*1946 i 19ﬂ9***"*”~'~'
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- agent in the modification ot reeins, adhesivea,
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The varlous applications of hydrogen peroxide are
based upon several important properties, as follows:

(1) -oxidizing-agent.- In this capacity 1t serves as
(a) a bleaching agent and antichlor, Since this use accounts
for theimajor portion of hydfogen perdxide consumed, it will
~be discussed in a separate section rrom other uses a8 an
, oxidizing agent. Other uses are as follows: (b) as an
~oxidizer for vat dyea, and as a hypo eliminator in photog-
" raphy;. (¢) in the separation of metals by aeleotive oxida-
~tion, (d)-as-an analytical reagent, (e) as a depolymerizing o
soluble T

starch ete., ‘and’ (r) in paper de-inking. -
Conoentryted solutiona ot hy-

' -gnergy releaged 8ither by decomposition of by reaetion -

(2) Bource of Energx

dfbgan ~peroxids oan- Brve as-a ms;hlyﬁfcempaotvaourcQ_mof“,

with a fuel, &f,h; .

(3) _Q‘gEormation on. Decogp_gltion Dllute solutione
may be used as a leavenlng agent in baklng and as & foam-
—ing agent in: thg ‘manufasture crfporous substanoes euch aa
foam rubber and porous building materials.

(h) Bource of Free Radicals. Hydrogen peroxide and
other peroxy compounds are used v initiate polymerization
and other reactions invelving free radicals.

(5) Effects on Biological Processes.
(6) Uee ir Chemical Synthesis. AB the simplest per-

oxide compound, hydrogen peroxide is the starting materlal
for preparation of most of the inorgunlic and organic peroxy
compounds and alsoc has a number of uses as a reagent in
organic chemical asynthesis.

These applications will be discussed in detall 1in the
above order. Hydrogen peroxide also acts ae a reducing agent on
reaction with a few highly oxidized matorials such ae permangan-
ates, dichromates and ceric salts, in which all the oxygen gas

formed comes from the hydrogen peroxide. However, these reactlons

!
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- specle may actually be a more complex peroxy compound, such as

"applicationa in whieh hydrogen peroxide as such is ueed or

Ty

’;"“‘.

have no significant commercial application; they are discussed o :
in Chapter 7, Chemlcal Properties.

A considerable degree-of interchangeability exists T
between hydrogen peroxide and various other peroxy compounds
in their use in an aqueous medium. Thus in those cases in
which hydrogen percxide or HOE jon 1is the active specie
hydrogen péroxide may be added as such and the pH adjusted to.
the appropriate value, or the hydrogen peroxide may be formed . v
in situ from another peroxy compound by hydrolyaia or neutrali-
zation, e. g ,7of sodium peroxide, or from a salt containing
hydrogen peroxide of oryatallization., conversely the active

peroxyacetic agid,. which llkewlae can be added as such or elae .
T fapmed In Bitu from afetic aoAd and hydFogen peroxide,  With guudmm__jjlw_mm;—

g -,1..74 i d

E

few exneptions; ether -peroxy ‘compounds--are all prapared from e
hydrosen peroxide, a8 diauuaaad at ‘the ‘end of this chapter. -

T i RS
o ] ;
1
i

‘The dlacussion below, daea not include all the uses H
-for the various peroxy compoundaf ‘but ie restricted to those S oy

X

T

~ has been considered for use. !

BLEACHING

The primary consumption of hydrogen peroxide is as a : ; :
bleaching agent. The actlon desired is that of dedtroying or N S
bleavhing colored matter or oonverting it into a form whioch is
soluble in water or in the bleaching agent. A bleach may be
elther a reducing agent, such as sulfur dioxide, hydrosulfites
and thiosulfates or, more commonly, an oxidizing agent such as
a peroxy sompound, chlorine, or oxygen-containing chlorine ocom-
pounds such as hypochlorites, sodium chlorlite and chlorine dlox-
ide. Dichromates, ozone and permanganates have aleo been used ‘
to a 8light extent as hleaches. In the latter case the manganese
dioxide formed is reroved by subsequent treatment with hydrogen ' :
peroxide, acetic acid or oxalic acid. Of the other peroxy com-
pounds which are also used as bleaching agents, sodlum peroxidde

o ——
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may te applied instead of or with hydrogen pefoxide in wood

pulp bleaching and paper de-inking. Sodium peroxyborate 1s
sometimes uged in commercial laundries where a mili bleaching

agent 1is deslred or in situations where bleashlng 18 done
occasionally or in small volumes. Its uce as a “dry bleach"
in home laundries has increased rapidly in the last few years.,
The. aqueous solution of peroxyborate gives in effeot & solu-
~tion of hydrogen peroxide buffered at about pH = 10. k

The cholce of the bleaching agent for a glven applica-
tion rests upoen_such factors as relative costs. of the chmmlcals
and of the ‘bleaching operations, efT%caoy of the asents atability
o corrosiveness and handling problems, degree of reductlon or
’;Ei L strength of the treated material, permanency of the bleaching -
'“4@”“““—_—*E°t1°n“"th&“eﬁﬂe“71th‘hiﬁh the- biaachpa—matermsl m;ymbe“§ygd

tr—

or. printed, and ~alsc on other less tanglble effects such as

tha *hand" and appearance of the bleached material parﬁiiuiarly
.} — in the Eaae ot téxtiles. In some cases, guch as with cotton
, i textilgs, the material.is first treated with an alkali,or_&n
o ;i - "acid and the total operation is regarded not only as a bleach-
R ‘%‘*““"*'1ng*proeess but also as a general purlriﬂatlon to remove such
- s ~ 'subetances as starches, fats and waxes, and geed husks or
other residuee, which might remain in the woven fibre.

Little 18 known of the nature of the chemical reac-
tions whereby peroxides destroy colored material. The rate
at which hydrogen peroxide bleaches a given substance increases
with pH, from which it is inferred that the active specle isa

perhydroxyl ion, Hoz, which 1e formed by 1onizat10n of hydrogen
peroxide,

Hzoz;z_"‘ﬂ"-]- HO,, (1)

Increasing the alkalinity of a peroxide solution decreases
the hydrogen ion concentration and increases that of the
perhydroxyl lon. It is well eéstahlished that the oxygen
released by decomposition of a peroxide in general has no
bleaching action and may, in fact, be harmful, For example,

1]
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cellulosic materials in strongly alkaline media are slowly
attacked by oxygen with reduction in chain length of the
cellulose moleoules and accompanying loss in strength. There- _ e
fore bleaching operations should be so designed as to minimize o
decompositlion of peroxide into oxygen as is caused, for example, o f;
by minute,amounte—or‘metals such as 1ro§,‘copper and manganese.

) “The varioud kinds of materials whiéh are bleached are
- . IOqically divided 1nCO those consisting primarily or celluloee

‘An contrast with those primarily of protein structure. j'—~:;4 N

{ <\

—fBleaoh;_g,or cellu]omic Materials : J-f-- S L

Textiles Essentlally all oellulosic fibres, auoh .88
‘cotton, linen, Jute and rayon are- bleach ed wlth elther chlorlne—

¢¥—-«~—m~—compounds or hydrogen peroalde or. both.;nUntil thellSSOJ Meltherl_ﬁ\ 3,, L

li
0w -

e e e w2 B kvt ,.«t oI e —— F S

per unit of bleaching power, an& the lack of Enowledge cohceri-
1ng methods af: :keeplng 1t aufficiently stable in storage and uss.

o In 1952 chemical costs were approximately $2.50 - $#3.50 for =~

] peroxide treatment as compared with $1.50 --$42.50 for- hypochlorite .
treatment per thousand pounds nf. sotton goods. However, hypochlorite
had been largely replaced due to improvements in techniques of
stabilizing and handling hydrogen peroxide and aoquisitlon of ex~
perience which showed the following:

1. Hypochlorite is a more vigorous oxidlzing agent than
hydrogen peroxide. Although equal degrees of whitenese with
minimum loes in fibre tensile strength can be achieved with
elither bleashing agent, more careful control ls required to

3 achicve this with hypochlorite than with hydrogen peroxide. With
peroxide, there is less possibility of fibre degradation and loss
l of strength by over dbleaching.

l 2. The fact that the decomposition products of hydrogen
! : peroxide are oxygen and water eimplifles neceesary treatment
subsequent to bleaching. ’

3. Starting about 1940, two large producers of hydrogen
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; : peroxide in the United States, the Buffalo Electro-Chemical

i and the duPont Co., began %o introduce continuous processes

) usling hydrogen peroxide for large-scale bleaching operations

— —(asg., 400,000 yards or more in a 120<hour weések). Although the
capital investment for this equlpment is high, 4t has emaller
‘space requirements, labor costs are lower, and the proceas uses

. "~ lessa steam, water and chemioala than batch processes uaing hy—n
. drogen peroxide. : - - 1, : *1

——————A

R - ‘I'The suitability of hydrogen: peroxide roﬂ all ribres :
3 makes 1t possibie to use the same - equipment for varioue textiles.

5. Hydrogen par@xide may be used to bleach’ 'goods oohﬁainiﬁg
vat and omher dyed yarna whioh would be harmed by chlorine
‘bleaches; | : : g‘ - B

B Eemxiie Miagmd._.ootton ‘\';ns__gsm@ Egbsgrhengf, s SQI
B ;-~lhandq" &nd o more permanent white. . - " _ .

In a numbar or operationa,‘hydragen pafﬁxide‘ii used
e >aa an 'antlchlor' rolloving bleaching with hypochlorite, Goods
W P bl@aohed with hypbohlorite may slowly turn yellow with age.

cotton fibre. Bubsequent treatment with hydrogen peroxide pre-

vents yellowing by destroying the chloroamines, and in so doing

‘has less destructive effeoct on the fibre than an antichlor such

as sodium thicsulfate. Depending upon oondifions oracreatment,

the peroxide may also produce a subastantial portion of the total
bleaching obtained.

The techniques used for bleaching cellulosic fibres
may vary considerably with each different material, and usually
must be developed by more or less empiricsl methode for any
{ new substance. Literally hundreds of different reclipes havse
! been published for bleaching various substances, differing in
i such variables as time, temperature, concentrations, stabilizing
' agents, and kinds of preliminary and successlve treatments. Only
a few typical technigues can be given here.

L F— This color change is apparently—aesociated with- chloroaminesffgﬁ':
- whioh are formed from hypochlorite and the proteins in the orude
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The most important characteristics of the material
to be bleached which determine its treatment are the cellulose
content and the amount of lignin present. Pure cellulose la

- —relatively inmert to alkall in the absence of oxygen, but llgnin

and lower molecular welght cellulosic-type materials such as ¢

the hemi-celluloses are readily attacked. Thus, the allowable : %g

_severity of the treatment of the fibre depends upon the extent
" to'which lignin and other non-cellulosic materials are preaent
and act as cementing and'etrengtheniqg agents ‘to the fibre. k
“For example, cotton, which is a highiy pure form of cellulose,

can be treated at elevated temperature Wwith ocaustic soda to
- -pemove fureign 1mpur1t1ee euch a8 wexee, without " afreoting

.the ribre etrength, and 1t can be bleached with hydrogen per-
P oxide under relatively Bevere conditions, euoh as pE values .

iEcbrding to their delluloee content andhtht gentlenees of the
treatment necessary, as follows: (I.) Fivbres containing over 855
caLduloee and low in;lignin or pectoue cementing,materiale, -2
flax. (II ) Fibres with celluloee content lesa than 85% und

-1ign1n contensy between 6 and 18%, 8.g. jute, eieal, or Qhormidm
ten g (III.) Fibres with exceptionally high llgnin content,

8 g, " goir, with 3#% lignin content.

_151each1ng of materials which contain any appreciable
amount of lignin or other non-sellulosic substances is commonly

carried out by treatment first with hypochlorite followed by

treatment with hydrogen peroxide, A typical bleaching operation

for linen yarn is an example of that used for group I substances (5).
The linen is first boiled at 212°F for about 3 hours, using sodium
carbonata instead of the sodium hydroxide used with cotton. Thies

ie followed by trestment with dilute calcium hypoohlorite having

5.6 g of active chlorine per llter, washing with 0.1 - 0,28 sul-
furic acid and then sovaking for 4 - 5 hours in a solution atl..

160 - 170°F contalning about 0.1 - 0,2% H 0, in addition to

godium carbonate and sodium allicsate.

Ir the linen ie bleached
to a full white,

the fibre is suhstantially weakened and there-

pqg_te 5b°“~mll‘&nd hﬁiiinEQtempereturee.” Slater and h&ehmehdﬁ(59~;;;“‘f‘

T
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fore partly-bleached grades are frequently produced and sold as
such. In Jute, a group II material, the cellulose fibres are
relatively short (2 - 5 mm) and are cemented together by the
“lignin and hemisellulose which, although having little tensile
gtrength by themaelves are responsible for most of the mechanical
strength of the fibre, Since they are more readlly attacked than
cellulose, the ‘bleaching and other treatments must be legs severe
than those used for cotton or group 1 materlals. A typlcal treat-~
‘chlorite containing 2.5 -3.0 gn of active chlorine per llter'
~plus 0.7 gm of sodium carbonate per liter, followed by bleaeh-';
1ng‘w1th the same peroxide solution specified above, but\ror ;

> 1. 5 to 2° hoursr~»A bleaching treatment recommended ror oo;r is

as above, except that a preliminary treatment with bieulrite

R JUSR- S Ty

_ is requived; plus a final tréntmenﬁ with gediug ﬁiaﬂbﬂulﬁhiﬁeii;;f‘

f;-' ”“"*“Synthatia ctilulote ?1bren,'ﬁuch &égilnﬂnﬂi rayén

and ealluloee acetate, require‘ralrly nilda bleachinggoonditicns.
Acetate rayon in partioular is: eubject to hydrolyais at high ‘
pH values, A typical bleaching operation would conaist of
1mmereion for 30 -fus minuies in a bath 00ntain1nggﬁ 1 -0, 2%

- hydrogen peroxlde plua appropriate stabilizere, the bath be-
ing held at 160 - 180°F and at.a pH of 8.8 -.9.5,.

) The major consumption of hydrogen perox1de in textile
operationa 18 in bleacring cotton.. Cotton may be treated in a
wide varlety of forms such as yarn, plaqe goods, or finished
materials in batoh-type operations, or in rope or cpen width
form An contlinuous bleaching lines. Eatoh operations are
usually carried out in cement-lined iron kettles called kiers
or in vats or tanks preferably made or‘etainlesa gteel, Tile
lininges may orack at the higher bleaching temperatures., Pre-
liminary treatment of the cotton varies, but always involves
thorough c¢leaning and purlfication. A typical hydrogen per-
oxide bleaching solution will contain 0.1 - 0.4 wt. ¥ hydro-
gen peroxide, about 1¥ to 1.5% eodium silicate, and sufficient
godium hydrox.dic %o bring the pH to 10.5 - 11,5. In bateh
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operations, the cloth will be treatsd with this sclution

for 2 - 8 nours at 175 - 212°F, usually uging some form of

agitation., For bleaching naphthol-dyed goods a pH of

7.0'=9.0 1suged to avoid attack on the dye. Most of the

cotton bleaohad in the Unlted States 1e now treated by a con-

tinuous process. In a typidal installation the .cleaned cotton

goods are aaturated with a 3 - 4% godium_ hYdroxide aclution
f*'and then pasaed continuoualy into the top of a hollow box
. shaped like the letter J, which holds the Qloth for a reei-

denge time of 1 to 1% hours, during which it ia ateamsd 4t .
;7TL  212°F. The clpth ie continuocusly removed frhm ‘the bottomlof
: ‘the J-box, 1is waehed, saturated with a bleaehing sodution
) oontaining about 0.2 - 0.5% hydrogen peroxide, 1% to 1&5 sodium

‘silicate, and 0,05 to O, 25% sodium hydroxide to give a pH of °

';;M; ............ _*ahgnj_1glj,“gggbjhan eteamnﬁ.rcr about " 1- hﬁﬁ?“ﬁt‘210“““21zq‘ 71 =

|77 77 atabilizer to’ redhoe ‘wasteful decomposition of Hydrogen per-~ i
_ _oxide and alsd as a buffer to hold the PH at the desired level. |

_4n a second. Jebox. Operating epeeds 01‘80 tqﬁaoo_xards per

-

The ro]e of sodium silicaie which ia oommonly .
added to the blqhohing solution, is'many-rold It aota a8 & - .

in adgition it has some detergent and penetrant powara and also
inhibite corrusion of metal equipment The optimum "pH is set
by a balance between two extremes; at high pH values (above

about 11.5), rapid bleaching occurs, but the hydrogon peroxide
rapidly decomposes and close control is almo necessary %o at-
taln proper bleaching without fibre damage. At substantially
lower pH values, the rate of bleathing becomes uneconomically
slow,

A valuable bibliography recently appeared (6) pre-
pared by a committee of the American Aesociation of Textile
Chemists and Colorists. It gives brief abatracts of all
articles which were published on textlle bleaching during the
period 1900 - 1950. It 1listas 245 references pertaining to
peroxide bleaohing, 153 on hypochlorite bleaching, including

R minute have bean quoted - : Lo B
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a number referring tec both peroxide and hypochlorite, and

321 on other chemical agents used in bleaching processes, ap-

paratus, etc. More detalled information on techniques of cel-

Iuloslec textile bleaching may be cbtained from these referencss,
. from variocus hydrogen peroxide manufacturers (7 - 10), or rrom

bobks on celluloee and cotton (ll 12}, ;

. " _ The bleaohlng action of hydrogan perOxlde also finds
use 'as a staln remover and laundry blaoach in the home. A 20
Ltq,l dllutlon of 3% hydrogen peroxide in }ukewarmJ goapy or
“clear water to which sose ammonia has besn added and in which -
clothes :are soaked for 30 minutes, rineed, and dried, imparts
~the advantagea of peroxlde bleaohlng to the home laundry (13)

_ The. prloe dlfrerentlal and necesalty for using two flulds has. -—_. .

__xgpjnhydnoggn paroxide’ rrom competition with househcld hypo-

receivéd iﬁ splta or Their hlgher cbat
N Wood Pulp. Blegchlyg. Wood . consiats of about bsf- 55%

T cellulose. the .remainder coheists of uarbohydratqs suoh ag pen- - .
togana and hemiwellulases, and non-oarﬁnhydraxes‘huch @8 resins, .

rate waxes, lygnln, tannins and ash.

Pmper and paper producta are made trom two general
kinds of wood pulp. Mechanical pulp, or groundwood, is made Dby
mechanical disintegration of the wcod, after rehovlng the bark,
and containe essentially all of the ccmponents originally presonﬁ.
Paper contalning mechanical pulp deteriorates rapidly, particu-
larly in contact with eunllght and air, because of the lignin

and other relatively unetable matériala present. Paper products
of much hlgher stability acan be made frop chemical pulr, in which
essentlally all of the non-oarbohydrate ocmponerite of the wood
have been removed by a "conking® procese and subsequent ﬁleaohlng
operations. Pulps of intermediate composition, produced:by less
complete treatment and known as semichemical and chemigrcundwonod
pulps, are also manufactured to some extent. Three¢ chemlcal '
processeg are used for lignin removal: (a) The sulfite process

v L*é
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— —With minimum. degradation bf the cellulose moleculaﬂ.,

o Uf~- thziwbmuant -:t;rmmt &TH ’Eﬁerﬁpm 5 ee—“ﬁ}me— The ro=
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uees a hot aqueous solution conslsting of sulfur dioxide plus
calclum blsulfite or magnesium bisulfite. It is usually ap-
plied to coniferous woods such as epruce and hemlock. (b} The
soda process uses a scdium hydroxids solution and is-usgually
avplied to deciduous woods such as popiler. (c) The sulfate
(Kraft) process uses a solution of sodium hydroxide and sodium

~sulfide. It 1a'épplie@ particularly to pineland.ptner>very
resinous woodp.,“Tpgrpkodgpt_is_strong bgt more difrioult to )
bleach, A :

_ —In eaoh of theae ohemioal pulpinp proceenes it 13 i’}j
desired ‘to remove a maximum of the ligneous’ and e&milar materials,r
This is‘\f o
i best acoompliahed by stopping the cooking proceaeuberure all of |

, fthe non-céllulosic material is removed and then subjeétln" the E

e A~ =

,"ﬁﬁflftuutibn xnn?btannhing“uparutton-m“Thﬁ—pﬁﬂp&gB;'*“¥

i moval ‘of non-géllulosic” mhttrtal‘unn‘tn “QsEtroy colored material
retained by the fibre. This is usually accomplished by one of
two methods: (a) Treatment with a hypochlorite solution (either

or. elae sodium hypoehloritﬁ*made by reast-

ing the caleium ‘salt with sodium carbonate or sodiup hydroxide),
whisch hae a-pHof 8 ~ 11 in the presence of the,pulp, produces

a cream-colored paper. (b) In the so-called two-stage or multi-

stage treatment the pulp is first contacted with an aqueous

shlorine eolution. (Chlorine diepfoporqionates in water to form-
hypochlorous anhd hydrochloric acids anafglieé a pH below 2.) The
pulp is then neutralized with calcium hydroxide or sodium hydrox-
1de, which extraots material made soluble by the chlorine. Thls

18 followsd by treatment wiith hypochlorite or peroxlde.: The

chlorine and alkaline wash reduce the color relatively little

and are generally regarded as a purification step. Subsequent

bleaching is particularliy effestive after such purification.

The alternate chlorine and alkaline treatments may be repeated

two or three times before tho bleaching stage in order to secure

a desired whiteness. The amount and type of bleachlng done

depends upon the characteriatice of the wood, the c¢ooking process,

and the end-uge of the pulp.
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Many paper producte are made from mixtures of mechani-
cal and chemical pulps so chosen as to achleve at minimum cost,
the desired combination of whiteness, durability, printing char-
acteristicas, opaqueness, strength, absorbency, ete., set by the =~ "~~~
end-use requirements. For example,’ the pulp used for neweprint,
‘An which low cost 1s the primary factor, consists mostly of
groundwood; for high quality book paper, mixtures of ehemical _
pulp are used exclusively. For various items 6: transitory use,
such as magazine, catalogue, wrapping,. tissue, and absorbent

3 paper, mixtures of chemical and mechanieal pulp are ueed The
'g blaaching of all “these types or pulp requires much greatar amounts El
©  “of purification and bleaching agente per ﬁuantity of material

"treated than are needed for textiles. . Sihce the chemical cost
',4; fnr hydrOgen peroxide or - sodium peroxide ie greater than for = -

m Biid Lovse S nrkn 256

. _paraxideﬂggan ‘he ooonominalliﬁ_if.
;E;;,'iiusedianly whare _the qugiity of tﬁe rihalﬁnrOQuct iB eufficien11Yf';, :

. superiar %o that aahieved With hypoohiorite to orreet the nigher
cost.  The almost infinite number of variations in raw material
~Tiand déeired properties or fhn final product make eaah or a variety %--
_of b leaching procesges appropriate under various eirggggtances, .

, and make the competitive poeition of peroxide versus chlorine,
njpochloriQee and other_agents, much more difficult to assess than,
for examplé, in cotton Sleaohing. It is evident, however, fhat
a particularly important application of peroxides is in the bleach-
Aing of groundwpod. The moet important effect is that peroxides
can improve the brightnese of groundwood much lnore than the hypo-
chlorite bleaching agents (by some 10 - 12 G, Q. units®*), This
makes i1t possible to incorporate a aubatantiallpercentage of
this lower-cost .pulp in a pulp mixture, termed in the trade a
paper "furnish,' used in forming printing or tissue papars, and
still keep a satisfactory brightness. In addition to its low
coat, the mechanlecal pulp ‘has certaln advatitages such as in-

B wm am W m  m em e M oy ey e W e e M e mx S s W A M A W W W A Mmoo

* In North America, paper brightness is counventionslly expressel
in terme of the degree of reflectivity of light as measured in a !
standard muchine manufactured by the General Electrliec Company.

The reflectance of magneslum oxid¢ is arblbirarily taken as 100%.
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creased opaqueness which allows lighter weight paper to be used, T
and certain desirable priating characterlstics, such as bulk
resiliency. However, it ie important to note that this bleaching

_ ...treatment does _not signifiocantly-improve the peor stabllity of .— . B
mechanical pulp to sunlight. )

By 1950, mechani¢al pulp was being bleached with hydro-
gen peroxide'or sodium peridxide in 24 mills having'e total capaecity - &
of 1250 tone/day and mixtures of groundwood and eulrite pulp were
'being bleached with peroxidee in eeveral mille producing a total N
] of about uoo tons/day or printing papers (14). L Eitheﬂ hydrogen o ¢

‘ péroxide or scdium peroxide or a mixture or both may be “used, - ; H
At 1952 market prices, sodium peroxide coat about two-third - B

. that of hydrogen peroxide, per mole of peroxide ion. To achieve
" the proper pH in the bleaohing bath sodium peroxide must belvfk

(£ Do (O

%@:;_“_;Mw.ipariia&iy,nentfalize wiihhan—acidisuoh_ae‘sulturiekhcn;the“ctha-;-§~?;;;;?;ifb'f4
uE - hand sodlum hydroxide .generally mast bﬂeldﬁﬁﬁ,tﬁohiﬁrﬂgﬁn,PBIQXP I
) ¢ .-ide. COneeguentlygthe “propér ratio mixture of the twp peroxides -
S 'f'avoids the necasaity of ueing any additional ohemioals exoept

etabilizing ugente. - I ) T

S e
E ff ~— —The meet ecenomic—use—or perexidea—wi@h—groundwood e —— —
; i in high consistency systems. The deeired alkalinity after adding

tne groundwood to the bleaching eolution is & pH of 10,0 ~ 10.5,:

which will drop as bleaching proceeds. Bleaching time depends

upca the pulp consletency, temperature, alkalinity, peroxide con-

tenf, and desired brightness. A typlcal get of operating condi-

tions 18 12% puip consistency, hydrogen peroride equal to about

1% of the moisture-free welght of the pulp, plus sodium silicate

and/or magneeium sulfate, and a temperature of 100 - 110°F (14).

Treatment for about two hours will inorease the¢ brightness about

12 6. E. unita. Peroxide bleaching may be carried out either

batch-wise or continuously in essentially the same equipment ae

used for hypochlorite bleathing., Another technique used is to

apply a peroxide solution %o the paper or pulp and allow it to

steep at room temperature for one or several days. Thus, the :

bleaching may be carried out during storage or tranmﬁortation.




85.
In addition to the usual precautions to avold peroxide decomposi-
tlon, bacteria growth must be carefully controlled in groundwood
bleaching operations by additions of suitable inhibitors, since
S - many of -these produce the-enzyme catalass which motively de=- - — -
composes hidrogen peroxide. B8odium hydrosulfite, Na Dh' is -also

used for bleaching groundwood; rrequently it is used in series
with hydrogen peroxide.

R Sulrite pulp is alao being bleached with peroxides in
. _  several: mille. Ain ooniunction with hypoohloritee, but a8 yet j .
. commercial applicationa have been limited. “Ite most common ap~ -

’ plicatidn at present is in the. manufacture of speciality papere
.where extra brightness iefﬂoquired Here | /the bleaching with

hydrogen peroxide conetitutea a rinal bleaching etep after a

- multi-stage chemical pulp bleaching operation with hypoehlorite.;__;
T fne partieulas advantage-here: ove@~hyﬁ35h10¥iteﬂia ithe “sub="

‘,
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B :,*ﬁuetﬁnﬁally_gnea‘ter b‘rightneea attﬂnab:l;e without signiricmt S
gi -i124~'»~.degradation, ¥whish Juetiriea the extra coet iﬂVolvéd The per-y
P ~ oxide treatmeht also. provides improved pulp yielde in the bleach-
ing operation,- and ‘Amproved heat stability of ‘the bleached pulp,
which ie important in.the subequent paper-makingu*perations )
Sulfite pilp may also be bleacheifﬁi%ﬁuhiﬁiogen peroxide in a
single stage operation with very high pulp yields. Peroxides
can also be used in conjunction with hypochlorite in blsaching
Kraft pulp. Here sodium peroxide may be used in the extraction
atep with sodium hydroxide. In such use, aodium peroxide is
cheaper than hydrogen peroxide.

A competitive chemical agent for the final bleaching
of chemical pulps is sodium.chlorite, NaClOz, which, like perox-
ides, is relatively expensive but also gives high brightness
with low reduction in strength. Sodlum chlorite is used in a
bath having a pH of about 3 to 5#, under which conditions it
slowly evolves shlorine dloxide, cloz, which is apparently the
active agent. Chlorine dioxide can also be used as such,
generated externally from sodium chlorite and acid, and then
absorbed in water, The disadvantages of chlorine d‘saxide are

Jr.-u‘i; BT ¥

i “:T\l "
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1ts cost, corrosiveness, and the fact that it is a polasonous
gas,

Little attention has been given to study of the
mechanism-of pulp bleaching-by peroxides.  In-a-recent.in~-_
vestlgation of sodium peroxide bleaching of spruce groundwood,
G. W. Jones (15) found that the bleaching caused no pronounced
qhemical changes in -the known domponents of the groundwood. The
lignin was responsible for about 40% and the holocellulose for

- about 60% of the ;othl peroxldq consumed, Methylation of ex-

tracted lignin markedly reduced the amount of peroxide conasumed
in reacting with 1%, from which it was 1nferred that the primary
peroxide attack in lignin is through carbonyl or puseible pheno-

* 1to hydroxide groups. The charadteristics of the reaction be-
tween. sodium peroxide and extraotedAlignin euggested that the B

'7:oolored lignin fraotiona." s : e "4- =

T FAER errlcienaymgi_paruxlde_blgacﬁlné May be dui‘tg E‘hish

The use of peroxides in pulp bleaahing prcbesses is
degeribed 1n ‘detall in an excellent reoent monograph by-Beeman -
and Reiohert (14) which also gives some. hiatorical bhoksround
of these procesaes and extensive literature references through

1950, Further information is available from hydrogen peroxide

manufacturera (7, 10, 16), and in numerous patents. Reference (17)
liste a number issued in 1949 or later. ’

Paper De-Inking. Waste paper can be processed by a com-
tination of various mechanical and chemical actiona to remove the
ink, safﬁhat ~the pulp may be reused in making printing or other
light-colored paper. Hot solutions of sodium hydroxide and/or
sodium carbonaté have usually been used, They attack the vari-
ous binding materials in the paper and particularly the ink
vehicle, and thereby ald in the separation of fibre from the
other material present. Alkaline peroxide solutionas are more
efficacious than a caustic solution of equal pH, and although
the cost for chamlcals i1s higher, they permlt the utilization of
lower grades of waste paper, lower cooking temperatures and give
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higher pulp ylelds and a cleaner product. In addition to its
bleaching action, the mechanism of the peroxide action seems to

_ be that of accelerating the hydrolysis and depolymerization of

protelns, starches, and oils which are componente of the ad-
heslves and of the ink vehlole, thereby solubilizing and loosen:-
ing the pigments, As in other applications, sodium peroxide
and/or hydrogen peroxide may be used, with adjustment to the

. appropriate pH, and addition of etabilizers. Use of peroxidehlﬁf

1z of partioular interest for de-inking paper oontaining ground?'*

~wood, which is appreolably darkened by ordinary alkallne de-inkin377,
solutions.— - -

7 - *A'Eleaohlng of Other Gellulosis ggteriala. oéhefxéellu- e
1osic materials are -bleached with peroxldes using techniques '

“Btmtl:r"tu*thuaa deauribedrtor~cellulasa—?ibrul and woe&—pulpx'

“tng una ?:!’Q“thintly :evwn :umg muwumg, TmerE

1de and reducing baths such as solutions ¢f sulrur dioxide or

“ godium hydronulfita., ‘Hydrogen peroxide 1¢ part*oularly suitable
*ror bleaching wood, as 1n the preparatlon ‘of - 'blond' rurniturt*

el
.J"

‘ used method, a 5% sodium hydroxids eolution oontaining sodium

gilicate is firat brushed or sprayed on the wood and after
standing, a 27 - 35 wt. % hydrogen peroxide solution is then ap-
plied, or the operation is reversed. After the desired bleach-
ing i1s obtained the alkalinity 1is neutralized with waak acetic
acld and the wood is dried. Alternately the wood may be bleached
An a one-step operation ueing a mixture of peroxide, sodium sili-
sate, and ammonia or sodiun hydroxide, Only a ihin surface layer
18 thus bleached, ec subsequent finighing operations must be
carried out carefully. '

Bleaching of Protein-containing Materials

Substances of animal origin such as wool, hair, fur,
feathers, 8ilk, and leather, are protein in nature and are quickly
damaged by etrong bleaching solutions or treatment in alkaline
medla. Consequently for many years they have been blaashed
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elther with a dilute soclution of sulfur dioxide or with hydro-

gen peroxide, or both, with the hydrogen peroxide trgatment
[ . being used first.

- .. —_ Yool Bleaching. 1In a typical bleaching—opef&tionT—- Ce S =
woolen blankets are scoured and rinsed and then saturated with
_a bleaching solution containing about 1.3% hydrogen peroxide, _ :

"plus sodium silioata to give a pR of 9. Frequently tet;asodium : , g

‘pyrophosphate together with small quantities of ammonia are I 'fé

~used instead of sodium silicate. These tend to yleld a softer . =8
| — " "hand* than does the use of sodium silicate. After squeeszing, i
- = " the blankets are al]owed ‘to steep for 24 hours or longer (5) S - T 1
17 and Lhen washed, Temperatures up to 100 - 120°F can be used . T
for woolen goods ~which redueé ‘the bleaohing time to 1 - 12 hours :
, with. 0, L - 0.8 wt\ % hydrogén peroxide (?., 10) A large frao-
{;tiﬁﬁ”ﬁf—thB_HUUi bieuuhedtin‘thé Unitéd Et_mes 19 treated by a

'dry—in" method, anplizd only to wool atook; in whioh the sgoured ”:7;.,

wool-is immieraed 1n a bIeaohing so1ut1¢n sontaining 0.3 - - 0.5% S
hydrogen peroxide at a PH of 3 = 5, After drying, reaidual e , -
hydrogen peroxide must be: removedv*as by treatment with ﬂodium ,
hydroeqlrife or & catalase elurry, to prevent darkening during ’

7 3 A oompetitive bleaching agent 1n laundries is eodium —
perborate which acts in effect as an alkaline golution of hydro-
gen peroxide. The bleachlng;prcuedure 1s essentially as described
above. R :

Modification of Wool Properties. Meohanical manipulation
0f wool while it is moiet and hot causee the fibres to coalesce or
?relt." Different wools and other animal fibres vary greatly in

' felting power. In the making of hat felte, the neceesary felting
properties are frequently imparted by oxidizing the fibre under

| carefully controlled conditions, known as "scarroting® or *elting."

In the past thle was done with nitric acid sontaining a mercury

1 salt as a catalyet but in 1936 it was found that the toxic mer-

' ocury salt golution could be replaced by a solution of hydrogen !

peroxide containing a mineral acid (19). The oxidizing action
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gseems to be that of addition of oxygen to the disulride groups
of the cystine in the wool (20}, followed by breakdcwn of these
ecyetine bridges in the protein structure,

- - . Alkallne_eolutions.of”hydrcggn percxide tend to reduce _
felting and promote shrink-resistance of the wool, Hydrogen per-
oxide treatments are sometimes used with chlorination treatmints
of wool in shrink-proofing processes. A- recent technical bulletin

ise available whioh desoribes the modirloation ¢? the properties - - -

of wqol by treatment with peroxygen compoundsrana givea pxtensive\
~literature referencee to the eubJeet (21) ‘

gisoellgneogs Blegohing Ogeration i

'uf,n } ” Hydrogen peroxide has been uaed ror hleaching human -
“halr beeides various- hair ribrea such a8 those of horees, goats

undmnawa,_vcriona'rura, Leatners.and: a;gg_;ggihagl¢“8mgll amounta

e ] ‘. pearl wnd- vvsattﬁic Ayory vavtons, -Elve; ‘head

TTHAVE ALY ‘umrtxm I bluching—mcbmm.ﬂ—n “peipe ;- BONE; -

;Fi-,i«ffis«'ip- Sl B et
N

lue; EaRANEOTNS; fgh&tbéﬁgﬁk-,
“ekin, certaln fodds, tobases; SOTX; SPOTIZYB-aNd-SAUNAEY UaBing.
In almost all o6f these cases mild bleashing processes are re-
/ quired to avoid injury %o the material. Fats, olls, waxzes,

Diaduk B LAY 1B

——— soaps and Juices_may also be decolorired by the oxidizing action

of hydrogen peroxide, although more commoenly, colored matter is

renoved by absorption, as on_pulvarixed diatomapeous earth or

activated ocarbon, Buggested dleaoching prooedures are usually
 avallable for sach of these applications (7, 9, 10),

OTHER USES OF HYDROGEN PEROXIDE AS
AN OXIDIZING AGENT

a0 Yiscope Ravon Manufaoture

, Gellulose molecules have a Linesar polymer strusture
which may be regarded as consieting of a large number of gluoose
units, joined end to end by sther linkages. The average ohain
length is usually dsterrined by messuring the visoosity of a
sample 4issolved An an aqueocus ouprammonium or similar solution;
the moleoular weight is very nearly proportional to the vis-
cosity. The chain length or moleoular waight ies commonly ex-

[
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pressed as the degree of polymerization (DP) which is the average

number of glucose units per cellulose molecule. The cellulose t
used for viscose rayon manufacture 1s usuwally a specially purs !

grade ‘of chemical wood pulp and will have initially a degree of ~—~—- - — SR
polymerization of 800 - 1000, This must be reduced o about 350
80 that when subsequently. diasolved in a mixture of carbon ai- s
aulfide and sodium hydroxide to rorm cellulosa xanthane, _the vis- - S
- coslty will be aufflclently lew to permit satiaractory extrusion _ .
through the spinnerette holes. This reduction in chain length,
is accomplished in U. 8. processes by “eteeping' the oelluloae g' N -
in sodium hydroxide s solution and allowirg it to age’ Yor 20 - uo T o
houra under-. carerully controlled -conditiona.. - In an alkaline ,i;‘
madium the. o:vgen present in the aliyr attaoks the celluloae :
~~_ chains and reduces the degree of polymerization. (The “cellulose - -
“Fa-not-attasEsd 1 -Oxygen 18 “oarefwlly exciuded.) . THe rate of’ T e i
abtADK - il&aunelsfatﬁﬂ by»nmallgnmgunts or- pﬁlxvalent~matai dlons
such as manganeae, iven and niokel which actAaa\ngmgggga. Gon-
sequently these impurities must bs kept to a minimum to avoid
uncontrolled variations in the depolymerization.: The time re- -

i
l
. i
3 g
T . :
s I

I
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or oxidizlng agents, such as hypochloritee or hydrogen permzide. o= }r
to the pulp and caustic mixture. Hydrogen peroxids ie ‘used for ' -
thie purpose by some European companies but apparently not in

. the United States.

The alkali treatment has a number of purposea besides
that of reducing average cellulose chaln length to the deasired
degree, It aocts as a purifylng process to remove other car-
bohydrates, such as the hemi-celluloses, from the desired oC -
celluloee (the most inert of the pulp components), and it also
causee a swelling of the cellulose, which is desired before it
X ie cocnverted to the xanthate. The addition of oxidizing agents i
such as hydrogen peroxide %o accelerate the depolymerization
doee not affeoct the rate of formation of alkall cellulose or
rate of solution of hemi-cellulosss (22, 23). Thersfore such
use has been limited by the complex nature of the various {
procerpges occurring and consedquent uncertainty as to the effecot
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that it would have on the properties of the final fibre. It
18 possible that the accelerating effect of polyvalent metal
impurities on the ordinary aging process is through the forma-

" tion of hydrogen peroxide via autoxidatldn procésses, ag dis= " ~ -

cuased in Chapter 2. o 7

The addition of hydrogen peroxide to the celluloao

apinning (24). R ) -

H aro en Peroxide as an Antichlor % e =TT
\' - Hydrogen peroxide may be uaed to destroy exoees

o ch&drine or .compounds contalning chlorina “which may be left
‘ ~in A Bubstaice as a result of a prev1ous treatment. In bleaoh-
e ing operations thig ‘may be only one of several 'unctione ful- -

‘;wﬁ~ﬁil+~wwwf1115&4ﬁy thawhydragen~peruxiie, anahthese applications are_ .

’—f——n;ffiigwrlbwktﬂﬁﬂﬂngL_f“*”“ “Bydrogen peroxide has alsc been
— . oconsideréd for use in d&stpoying the ohloFiNe remaining in. P
“water after purirication It ia proposed to dostroy the excess

' . peroxide then vemalning by paseing the water through a bed of - .
- ;;;,” manganese dioxide (25). However the hydrogen peroxide decomposi-

tion might cause aolution of small amounts of manganesd, &as
discussed in Chapter 8, thue raieing the question as to whether
ths water would be still suitable for human consumptlon,

Oxidation of Dyesturfs

In the appliocation of v#t dyes (g.g., the anthraquinone
and indigoid group), the insoluble pigment is flrat reduced to
the soluble leuco (solorlesa) form by a reducing agent, commonly
sodium hydroesulfite in an alkaline solution. After the dye is
adsorbed on the fibreas, it is oxidized, whereby the original
ineoluble pigment ie re-formed and fixed on the cloth., The fact
that the pigment ia highly insoluble in the oxidlzed state ac-
counts for the excellent "fastness® of thla group of dyea. The
oxidation was formerly done with air, but now a chemical bath
ie usually used. An oxidizing bath typlcally consiste of one
of the following: (a) 2 wt. ¥ potassium dichromate plus 2 wt. %

;

-5
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92, T
acetic acid; (b)) 1 wt. 4 sodium peroxyborate, or (c) 1 wt. %

hydrogen peroxide, with appropriate adjustmentas of pH and
bath temperature (11, 26),

The nxjdizing pwocedure varies with the type of dye

and goods, mnd both continuoue and bateh operations are used,

- The use of peroxy compounds here resgts on the bright and clear -

" colors obtained; high -absorbency of the fabrics, the ease of -
eubaequent waehing, and the cleanliness’ of the operatlion. -

Sulrur dyes, which are extensively used on cotton as ';' LT

-~ rawstock and algo on rayon, are reduced, usually with sodium oL en

—gulfide, and oxidizedﬁarter~anplication in a similar- ‘manner. . -t

oy ame

_Iﬁﬂhgnthgggginﬁld vgt dyea but not 4n. -Eeneral by- the blue,
violet and green group (27, 28). 'Fhe ‘degradation effeot- 18 B
accompanied by the formation of an-oxidizing agent (deteoted —
by the starch-iodide test) believed to be hydrogen peroxide
and it apyears that much or the degradanlon*13 “Gaussi uy—n,—4-\~~wgi — =
drogen peroxide, attack, Thus a sensitizing dye impregnated
on a rlbrm san cause attack on an adjacent undyed fibre even
when theré 18 no contact between them (27). Thie has been
ascribed to volatilization of hydrogen peroxi&e Tormed on the
dyed filbre with subsequent absorption by the undyed material,
Adjacent yarns of nylon or viacose rayon are not signirioantly
affected and there are some indications that degradation of
theee filbres ogcurs by other mechanisms. Cotton pigmented
with z2inc oxide or titanium oxide or with sullfur and basic
dyes 18 alsoc photochemically degraded, although peroxide was
not detected with sulfur-dyed fibrea. The impregnation of
small amounts of metal salts into vat-dyed cotton etrongly
affecte the results. Tests for oxidizing agent arowed no
diminution in the amount formed after impregnation of ithe
dyed fibres with nickel, some diminution after chromium, more
with manganese, and none was detected with copper, iron and

: In somé cases‘pwroxyeulratea may be used ae the oxidizer. ' L

: 3 T ~ %

& - mé ~ The photochem cal- oxldatlon and . degradation of ootton o s §
Lgm,Ln mékabiair 16 senwitizeéd By most 6f the yellow, orange &nd Pt e

-
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cobalt (28). These results parallel the catalytic activities
of these metals for the decomposition of hydrogen peroxidae,

The extent of photochemical degradation, however,
rollows'a—more'complex pattern, ~Thus-the -lncorporation-of

) gopper ;nWthe fibre decreases the amount of photochemical

degradation of cotton dyed with the most sensitive dyes but

__Ancreases that of ‘undyed cotton or that treated with the dark-

“solored vat dyes. so that the amount of degradation becomes

~ esgentlially independent of the kind of dye used. Iren and other

metals also influence photocheitical degradation. -A pesaible

;—explanaticn may lie 1n the fapt that .various heavy metals not

only deeompose hydrogen peréxlde but also form it by autoxidation

of atmospheric air (see chapter 2) so that the amount of degrada- o
- tion may beeome 1n some caeea rar mOre dependent on: the nature

nf zaIatively non-natalytic metals and also:or non-netallio .
“eatalytic materials on conton photodegradation.

AN

The action of hydrogen peroxide on—photographia emulwf'

sione has been disoussed-in the chapters on formation and chemi- ’

cal properties., The developing action of alkaline hydrogen per-
oxlde described there does not find practical use in photography,
being unselective, likely to induce fog, and being far out-
stripped in efficiency and ease of use by the common organic
developers. However, gome use has teen made of hydrogen'peroxide
as a developer for blueprints,

Acld hydrogen peroxide sontaining soluble bromide
exerts a reducing effect (in the photographic sense) upon the
8ilver image of a developed plate or print and softens and dls-
golves the gelatin in the aress where the lmage exlsts. This
effect has been applied to the production of a gelatin relief
which may be used for mechanical reproduction. The procese ie
desoribed by Andresen (29), Lﬁppo-cramer (30), and Lange (31).

I
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Hydrogen peroxide alone has not been much used aa a general
photographic reducer, although ammonium peroxydisulfate is
extensively applied for this purpcss.

Hydrogen peroxide has bﬂen applied 1n two photographic 3
-~ 7. Printing processes (32). 1In the firat of these an ordinary | -
. negative is dipped intc an etherial solution of a dilute aquecus B
___ _hydrogen peroxide and put in contact for a short time with a paper .- =
coated with gelatin which carries a pigment. This paper 1s then
e dinped into a solution of a ferrous ealt. The'eurrace of - tﬁe ff*
. from the portiona or “the negative not carrying an 1mage, now 0 ‘”'”';*’*
e oxidizes the imbibed ferrous salt in proportion to the amolant of - —
hydrogen peroxlde carried on the v various: areas of “its surface. R
...The ferric galt 80 _formed renders the gelatin insoluble to a.. , ;f'iff:;ﬂfv_
“;ﬁgreatﬂer*vrﬂl;éver dap’t}r'”vrr"diuo"lvimr thmluh’lc gelatin“ 1n - ‘ R
SSWATR WaYeP B pr;ﬁt‘Ia 6b%aingﬂ,'cxrrying‘ihe gret%ese losd of o
-~ pigment in the nneas ‘coPrespondALng to Lhe parts of - the Burface
' or the negatlve which carrled no image.

i : e - A

_The ﬁeeond prlnting proceas, known a8 oatatype, is _
similar with tHE‘EiEEthon that the gelatin-coatad paper carries . . °
no pigment. After contact with the negative, the plain gelatin "
film bearing the absorbed hydrogen peroxide is immerged in a
solution of manganous salt or alkaline sllver nitrate. The metal
18 taken up and precipitated aé _manganese dioxlde or silver metal

in the areas containing hydrogen peroxide, ylelding a positive S
print,

[
bl 00 b k] s
. !

ik 6L e
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The power of hydrogen peroxide to producs a latent image
in a photographic plate without the action of light has been
utilized to obtaln directly pletures of the structure of various
surfaces. After coating the surface with a solution of hydrogen
peroxlde, a photographic film 1s placed in contact with the
gsurface. Certain areas of the surface may decompuse mozre rapldly
or absorb more strongly the hydrogen peroxide, and after develop-
ment of the film such areas show less or no blackeninz. EKretsoh-
mer (33) and Abramson (34) have spplied this procedure to obtain ' i

e
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pictures of the skin. The process has also been appiised by
Kretschmer (35) and Freytag (36¢) to the study of defects in
paper, detection of alteration of documents, and reproduction
of printed matter.. . - —_—————

. Photographlc plates or films may be hypersansltized
(increased in gpeed or in sensitivity to a certain region of

_ the speotrum)-by bathing in hydrogen peroxide. Sohm}ésqhek (57{;

_found that panchromatiec platea bathed for five minutes in acid
or alkaline 6.075 wt. % hydrogen peroxide solution containing

; dissolved silver, rinsed, and dried were notably inecreased in
- speed and red aensitlv\ty His reoommended rormula waa., 25%

ammqqiaisolut;cn,;l ee PO% kydrogen peroxide, 1 co; water,
400 cc; .silver salt, an ¢mount ‘yielding 0.025 g silver. The

"‘ most satisfactory silverisalts were. ailvcr molybdate or silver

?j}»lilAf:uf«uu\AdmailtaaAEalna“wana_agnal;y,grreetive~1n the sensitlizing astion,

b ;“'tungstatsT ----- mhslem1nh1bihed_fagging¢boﬂt,Rbnt ry numbenvof*nthqnﬂ"?t

The uese of hydrogen peroxide for hypersens.itization anrrers from o
two drawbacks: the effect varles with the type of emuleian, an@_
- treated Plates must be uaeed within a ‘short. time berore fog in-
*,; Quced by the treatment becomes ndticeable, ’ = .

-

Hydrogen peroxide also ‘exerts an intensifisation aotion

(increase of density or of developablility of latent 1mage)'on
exposed platea. Wightman and Quirk (38) found that treatment

with 0.004 to 0.016 wt. % hydrogen peroxide followed by immediate

development gave an apprecisble intensification; the efreotiwas
most pronounced with fast plates and required the presence of
soluble bromide for operation. Barnes, Whitehorne and Lawrance.

1
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(39) studied the effect of varicus developers on the 1nteneifying

action of hydrogen peroxide.

The most common use of hydrogen peroxide in photography

ie that of hypo eliminator; this was first suggested as early as
1866 by Smith and Spiller (40)., Hydrogen peroxide will oxidize
to sulfate the thliosulfate remaining in photographic prinls
after fixing. Thiosulfate or its partially oxidized form,
tetrathionate, will react, slowly under ordinary conditicns




- turé and extensively studled the use of hydrogen peroxide as a

* 3% ammonia, 100 ec; water to make 1 liter. Prints are to be | B

. 1mmers°d in the hypo eliminator for 6 minutea,\yaehed 10 minutes,

" iron. This cccurs, for example, in processes for abtaintng VAr4-73P'

-
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and rapldly under conditions of high temperature and humidity,
with the silver image to form a faded and unsightly brown image
of silver sulfide. Removal of the last %traces of thiosulfate -
from papers by washing alone is practically 1mpossible, for S
perranent prints of the highest quality hypo elimination hy '
chemica1 meane ia a necessity. :

Grabtree, ‘Eaton-and Muehler (hdﬂ reviewed the litera- . %

hypo eliminator. Their recommended formula, known as Kodek RE-1, "~~~ ~ = ’%
wag as follows: water, 500 eo,; 3% hydrogen peroxide, 125 oc, - : o -

washed 30 minutes (1 hour for double weight papers) at 65 - 70°F

~.and Aried.  The solution will treat.fifty 8 x- 10 inch.prints, or _ - *;
© trEirBquivAlsNt, pE?”#‘ITtUFE. x“arrgntry“atr'srant;rafmur T B
.pecammsn&a&iror*uammanaral wnrk? TR A‘*fj_r:?::?:f:*;;‘ﬁAwg

Puririoation of Metal ‘Salt Solutions foroo T AP

e wa&i’lfbif"ﬁi’

~A common problem in the' purifisation- of”vurxuus‘Uhumict"*‘ﬁ—ﬁ ‘
compounds, p;rticularlv metal compounda, _ie that of rsmoval of - D

Low

ous purc metals and in the purification of electrolytic platlng , o
baths. A convenient technique is to add basic substances to a :

solution to be purified to produce a pH at which ferrvus or ferric - &
hydroxide is eseentially insoluble but at which the hydroxide or _ ~¥
the other metal remains in eolution. ' !

The proper pH in each case is set by the degree to which
it i1s desired to eliminate iron, the oconcentration of the metal
desired to be kept in solution, and other factors,; such as the
amphoteric character of some metals. The pH regions of interest
are indicated in Table 4, whieh shows the maximum pH values at
which a solution containing 0.001 gm moles/liter ¢f the metal
can exist at room temperature, termed arbitrarily the "precipita-
tion pH." These have been calculated from the solubility product
data of Latimer ' nd Hildebrand (42). Obviously the higher the
concentration of any individual metal which it 1g desired to
keep in solution, the lower the pH will have to be.
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TABLE 4

pH VALUES AT WHICH VARIOUS METAL HYDROXIDES
FORM A 0,001 MOLAR SATURATED BOLUTION

- Metal Hydroxide  "Precipitation pH'

L It is-seeh. -hat f&Pri& hydroxida is  the moet raanily
“precipita*ed it becomea highly 1naole£e eéven in quite asidlo

~polutions,
unless the aolution 16 ‘essentially neutral, under’ vhich conditions
many other metale would be also precipitated as the hydroxide, it
they are present. Conaequently for the complete removal of iron
from most metal soluticns it 18 necessary that the ferrous iron
be oxidized to ferric. This may be accomplished by blowing the
golution with air, but the rate of alr oxidation is slow and -
therefore an oxidizing agent such as hydroger peroxide or sodium
percxide 1a sometimes used instead. After oxidation, ferric
hydroxide 18 precipitated by addition of an appropriate base
and then it is coagulated by heating and separated by filtering
or decanting. It is deeirable that the iron be oxidized befors

| the pH 1s raised in order to reduce the amount of peroxlde lest

' by decomposition, slnce metals such as iron are more catalytioc

‘ in the form of the precipitate of oxide or hydroxlde than as

! dissolved lons.

Although in theory the metals having presipitation pl
values significantly above ferrous iron could be purified by

y
i
\

Ferrous; hydroxido, however, does not become insolublegﬂv TR

Fe(OH) 4 2.5
AL({OH) _ ‘ 4.1 .
) ~ orlomy T S A S
L . Cu(OH) 5 . 5.9 - 7 - i
4 I Zn(OH), | 7.3 _ i
LI SR S 7co(on) L 76 N
o - :_ - Pb(OH) _' f ¥ S Y B S :f_:;igi"““‘“gfk
S CTiiie L Lo oo Fe(oa) | _, G- TS U -
;L}.;,'ir ;7:“ ';,’ (OH)2 - 8.4 fé
= . o Ni(OR)zA ) ;Ag_ﬁ;;,;WAQ,Qlﬁ_— . - -
= T e e e HG(QH) ieemelloTmiT ‘__"*‘__,,;5"_;‘,.,,9_9_.__ et T i “T
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this process without first oxidizing ferrous toc ferric irecn,
in practice the separation is easier with previous oxidation.
Thus, in the processing of magnesium chloride before electroly-

magnesium oxide to precipitate impurities, but iron ramovai can
be assured by previous oxidation of the solution,
- gern peroxide (43).

as with hydro-

7 _ Hydrogen peroxide or sodium peroxide have bean ussd
—- for removing the iron from manganous aulfate,‘niokal ‘sulfate,
" copper sulfate, zinc. chilorids, zinc sulfate, ard beryllium
-sulfate (9, 10)
peroxide. whenever a sodtum a&jt in the produot solution ﬂay l”"_ -
j’be detrimental. The procedure 1n general coneists of adding ..~ )
e sllgh&_gioichicme;rla_axaeas_ntuthe peroxide over the -guount

- or Iror-present, and tHen adjusting the pH by addltion of a

sis-to magnesium metal, the solution is commonly Etreated with .

. Hy&rogen peroxide 18 prererved to Bodium iui S

- h._{;i
—

'1ff4%aui#§ble~bass“1Ereqdiﬁfiy thﬁ‘bxida or- hy&raxiﬁn‘ar tﬁa ﬁifa1~4—,;j4’
*********** —beaing treated) -and #eparation or the proéIprate.f Sometimee R
_ more than one metal 1mpur1ty may be prqcipitated, as Ln the

purification or lanthanum salts by precipitat;o1 or caric and
- __ferric hydroxide from an— appropriate ‘solution- (44) In-some- ,

plating processes the oxidation- precipitation purirication ?

with hydrogen peroxlide may be carried out in the cell with

poesible secondary advantages such as prevention of pitting

at high ourrent densities. An lmprovement in the "whiteness®

of tin and zine depositse 18 also obtained 1n the presence-of -

hydrogen peroxtde.

The fact that the golubility of many -polyvalent metal
salts changes with the valence state ilas the basis for several
separation procedures involving oxidation with hydrogen per-
oxide. Thus the coating of iron and steel articles with zinec
phosphate 1g harmed by ferrous phosphate in soclution. This can
be precipitated, however, by oxldation to ferrin phosphate by
hydrofen peroxide (45)., In recovery operations on non-ferrous
scrap, precipitation or solution of tin from the metal salt
mixtures can be controlled by oxidation with hydrogen perox-
ide (B€). Competing techniques 1n metal purification proc-
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esses include alectrolytic refining, and the use of ion-
exchange resinsa.

Another application of the oxidizing power of hydrogen
peroxide 3e in the regeneration of spent "doctor" golutions in .
petroleum reflneriea{ The spent scdium plumbite qo;ution is
-ordinarily converted to lead oxide by blowing with air. It 15
claimed that addition of hydrogen peroxide during the air.

= .. - regeneration step lowers the total cost by 1n1t1ating the oxi-

- ___~ dation and thus reducing the time required and aaving steam and
" 'Power (7).~

P T

— - - - _

b s ol o qﬂ‘ zb ...(‘ PRIt

1 T o T Maxted (48)_has deecribed the revivification of - polsone147 -
' w7 . hydrogenation catalyeta with hydrogen peroxide. ‘The aection. of

" the- hydrogen peroxide is to oxidize the' poison on the -catalyst,

v-u_ennvepting-it to a “ehielded‘ on—nonmtoxie rorm.-ﬂmhe opepation—~ugl% *éuff

works hest‘“ﬁrcugh the medium of peroxj aclda sue;h;e ﬁe}exy- T ﬂ,f:f%;

molyfaqfi """" or- perozyﬁﬁngiﬁaf“ﬁi ﬁheir ea~;sg whish-oaf - be. ~~4-? ?1Jﬁ“*%‘%é

~ formed 1n 8itu. By having g present an excéss of hydrOgen peroxide Ik
e . 1n the preeence _of, for example a molybdenum or tungsten aalt é
:5‘ {: L¢ the peroxy compound will be continuouely regenerated and the 5

Y.~ — — quantity of sxpensive salt needed thus kept to a minimum., ;‘f“%‘féﬁfr
| _Oxl_d.ation of Metal Surfaces . R SR

A thin oxide film may be produced on some mehal sur-
faceg by treatment with aqueocus hydrogen peroxide or peroxide
vapor, and several industrial applications of this reaction

! - have been suggested. Thus, ferrcue metals may be passivated

' by heating above the recrystallization temperature in hydrogen
and then subjectirg to a 20% hydrogen peroxide solution for about
: 10 minutes (49). In a somewhat similar applieation, salenium
unite in rectiflers are oxidized by contact with a spray of
aquecus hydrogen peroxide or by alr containlng about 1 - 10 ng
of hydrogen peroxide per liter of air (50). Hydrosen peroxide
le also used in a patented method of treating the contact sur-
faces of copper oxide rectifiers which have been previbuely
oxidized in air (51). The action of hydrogen peroxide to oxi-
dize metal surfaces has also been applied to the making of
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accelerated corrosion tests, on aluminum in particular (52).
The role of hydrogen peroxide in corrosion is discussed 1in
___  _ _Chapter 2, under Autoxidation of Metalsa. .

Another use of hydrogen peroxide for the treatment

of surfaces may exlet in the field of ore flotation. 8Studies

(53) have shown that hydrogen peroxide may alter the surracea

" of particles of ore concentrate to improve the selective T

eeparation obtained in the rlotation process. This action of. ' ,
{*5~4*courae depends upen the ochemiocal nature of the ore, for example,
L - Machu_(54) cites a case in which the preeence ot hydrogen perox- o
Wide ninders flotation. - - ) -

7derogen Peroxide as a Degolarlzer . 7% S | f '7",‘f" T

i’ﬂi; »111;<,1 In—a—numbar or raactions or- aol&da 1n,11quidsrin-vhtchf~

hydrogen gas 18 evplved for example, ;gﬁggg solutmon 0T me metall L

~in acids -of the. preoipitation‘nf'goid'frum ‘a oyanide solution by -
_zinc, the tate of the réaction 1s rrequently limited by the protec-
tive film of hydrogen which forme on the solid. In such cases the

~ rate may be substantially inoreased by adding to the soluticn an

- -7~ oxidizing agent (depolarizer) which oxidizea the hydrogen td*water“’"%; E

~and thus permits more rapid ocontact of reactants, If sufficiently
high concentrations of the oxidizer are used, all hydrogen gas
evolution on the solid can be prevented. Hydrogen peroxide has
been used for this purpose, as well as nitrates and other oxidiz-
Ang agents (55, 56). |

Modification of Carbohydratee, Pruteins and Gums

Treatment of high polymeric materials like starches,
proteins, gums, eto., with hydrogen peroxide or pesroxy compounds
cauges oxidation and depolymerization to occur. The lower aver-
age molecular welght of the partially depolymerized products
causes them to have a relatively lower viscosity in solution,
whioh makes them 2aeler to eolubllize and apply ne adheslves,
sizings, binders, etc., (9, 57). The depolymerization of cellu-
loae by peaction with peroxide is discussed in Viscose Rayon
Manufacture. The mechanism of the depolymerization of cellulose
and starchesg is not well underatood, although it 13 known that
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it is precoded and accompanied by an increase in the oxygen con-
tent of the cellulose, in the form of carbonyl and carboxylice

.—-. .acld groups. (12, 58).

Natural latex may be treated with hydrogan peroxide
7solutione (ualng peroxide approximately equal in amount to the
dry gum in the latex) to produce adheslve latex and plasticized :
rubber (59). Treatment with hydrogen peroxide depolymerizee the :
rubber in the same faahion ‘aB does milling, ‘and the products are — ~ —
reported ‘to be nearly identioal in ohemica] and physioal proper= -
‘tles to thoae produoed in milling. The chemical mechanism is
probably the same in Hoth cases, sinos during the milling/‘-i R
(masﬁioation) of rubber inalir amall amounts of oxygen are ab-

';wf-ﬁtha_uns&tumtsa. bcnd\x 6¢ thne. rubber mele ules,.,a.nd.mthis appa.renﬂy; EERE
'11:;:: ~Gauses rupture or'thtxhgdrnunrhcn~ﬁhnins. e R e e s S &

= ﬁr 7 egganagt Wgt;gg of H’ v ' ‘f“f”ff‘"‘?“% 3 ST 77'5 -

'*Q‘gfu,eubjection of the halr ta\raduotion by ammonium thioglyeolate

b

- .. The. “eoldl_proness of permanent waving of hair 1nthves

by oxidizing the hair with h ‘solution of sodium bromate, sodium
peroxyborate or hydrogen perdxide. The peroxy compounds have
the disadvantage that they may cause an undesired bleaching of
the halr 1f not properly used; the aotion of the bromates 1is

" satisfaotory, but they may cause kidney damags and death if
ingested,

Applicationg in Analysils

Hydrogen peroxlde 18 used as an oxidizing agent in a
number of analytical procedures, generally where the residues
of other oxidizing agents are undesirable or where a pPeroxy
derivative is required. Thus %the colors developed by a number
of metals in the form of complex peroxy compounds are used as
methode of identification or for ecolorimetric quantitative
analysia; for example, the color developed by chromate in the
presence of hydrogen peroxide and etlier or that of peroxy com-

-  solution,: The hair is then curled and the wave made permanent - -

sorbed from. the air'with rarmhtion of peroxidee, presumably a8~ E{;,
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pounds of vanadium, titanium, molyodenum, cerium and others (60).
Procedures using hydrogen peroxide in various analyses arsg described
in books by Feigl (60), Treadwell and Hall (61) and Furman (62).
Recent applicatione nf hydrogen peroxide in analytlcal procedures
inolude the following: The quantitative colorimet ie technique
for vanadium has been studied in detail by Foster (63). Hydrogen -
- peroxide has been uaed‘tb determine sulfur in the form of zineo
sulfide (64) or sulfur dioxidef(65) by oxidation to the sulfate, -
 followed by determination of the sulfate as barium sulfats, or-- .
titration of the-excess peroxide., Cobalt 1s precipitated from

its solutions by oxidation to the trivalent stage with hydrogen =~ - = |

*peroxide (66) and similar. ‘axidation teohnlques may be used for

_— i

eeparation or other metals having two or more valadhce states (see __; ,

-—Hydrogin peroxids may-aleo-be: -

used 1n aome oasas to oxidize and Qeatroy organiu matarial batordm :

analysfs, as o? aubsfancea oontainingffﬁisphorus GF%-*— T

e _ Another 1nteraet1ng nes of hydrogen peroxida 1; in the
~Thomas Autometer used for oontinuoualy reoording the sulrur dioxide .
"~ esnzentrstion in the atmosphere,

‘v - aspirated through dilute hydrogen perexide solution, and the 1n-

An air sample is oontinuously

erease in electrical condustance, causc¢d by sulfuric acid forma-
tion, i1s recorded as a measure of the sulfur dioxide concentration.

In the Kjeldahl method for the determination of nitrogen,
hydrogen peroxide added in the preliminary digestion assists in
producing water-clear soclutions with a considerable saving of time
for the analysis as a whole, and obviates the nsed for expengive
K)eldahl installations (68).

Addition of axocess hydrogen'peroxlde to acid sclutions
containing uranium leads to the precipitation of an insoluble
peroxide, a fact which has been utilized in the separation of
uranium from solution (69).

Most familiar of the analytical uses of hydrogen perox-
ide 18 the color reaction with tltanium solutions, which rerves
a8 the basie for a standard procedure for the determination of
thip element. BSomewhat less ramiliar 18 an early method for the




__acld rapidly to nitric acid (70).

— devige a method for the determinatian of 1odine in tha presence

103,
determination of nitrate An the presence of nitrite, which 1is
dependent ot the fact that hydrogen peroxide oxidlzes nitrous

The yel;ow coloxr of a peroxidiged titanium solution -
18 bleached in the préeence of small quantities of fluoride; and -
a method of determination of rluorine’in minerals, based on this

effeot, was proposed by Steiger (71). The aifference in the
ease of oxidation of the dirferent halide ions by means of an

“acidified ‘hydrogen . peroxlde solution also led Jannasch (72) to -

of bromides and ohlor1de§, or or bromine 1n the prescnce or | *fi-
chloridea. ‘ f_:,, 3

"
|K “

T catalaae,is orten dg_t_erm;mm_('is) by na Aaialytio of=_ .

f;7v~fwm~~vﬁﬂ"feot upan~hy&rcgen peroxidu' Other'prﬂuadurzt UFIHE Hyﬁ?ﬁgin“*“‘s“““

) oamium (76) and ucetaldlnydé (??)

]

iuﬂu,m:.f..em Aeioimsysse, ":-.{‘y e s

Peﬂbrkﬁa pays »fé'cmtly heen ne;cﬂm for ncmny (W}. nmbm (75} e
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~ USE OF HYDROGEN pmox:nm A8 AN ENERGY 8OURCE | S

”"KGBt‘ﬂEVIBO!'Wthh produce energy by combuation do g0 ——  — |
by burning & fuel in air. However, there are two oircumstances :
under which it is desirable or necessary to use an oxidant other i
than air: (1) when power must be produced in a location where

alr is not readily available, as under water or high above the

earth's surface, or (2) when a very high rate of energy releass

from compact energy sources ls desired for a short time, as 1ﬁ a

gun propellant, airoraft assistecd take~ofl units or in rockets.

Although in some of these cases air oould in prineciple be used by
compressing it and storing it in sultable pressure vessels, it is
frequently impractical to do sc since at all storage pressures
approximately four pounds of storage container are needed for each

pound of air, compared to one pound or leas of container for each

pound of a liquid or solid stored. A solid propellant, which
incorporates combustible and oxidant in intimate contact, is

chosen where the unit ie small and emphasis 18 on simplicity,

g8 in a round of ammunition or a small rocket. More couplex
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devices are required with liquid propellant systems but they
have two pronounced advantages over the solid: (1) the liquia
~ ~ Tcan b# sarriéd in a light-welght storage vessel and pumped 1lnto
a combustion chamber which heed be only large enough to provide
the desired combustion raté. (Techniques for injecting a solid
into a combuagtion chamber at high pressure are generally uneatis-A o
factory, Consequently the entire solid propellant charge must o ~73
be initially contained in the combustion chamber, which there- o i
" fore must be large as well as strong. ) (2) 'The rate of power
"~ production can be varied and controlled by regulating the flow:
of liquid. For these reasons liquild oxidizers and ruels have
fcund applioation in various relEfIvely “large rocket-propelled
devices, in underwater propulsion of* submarines and torpedoes,
~and OtHET uded.  Ab ideal 114uid xident ahould have many.des ..
~sirable oharacteristios but three are particularly important: = - . -
"~ (1) highzenergy reléase on reastion, (2) relatively stable to P
shock and elevated temperatures, and (3) low cost of manufacture,
In addition 1% 1is deslrable that 1t be non-oorroaiva, rnon=toxic,
that 1t react rapidly, and that it have variocus desirable phyei- ]
cal properties such as low freezing point, high boiling point, , o
high density, low viscosity, eto. As a rocket motor propellant,
the flame temperature attalned and average molecular ueightggr
the combuation products are also partioularly important. It is : "
obvious that no one chemical subgstance will be the ideal oxidant. '
To the sontrary, very few substances have been found to even ap-
proach the desired set of characteristics and only threse have met
with any appreciable application: 1liquid oxygen, concentrated
nitric acid, and concentrated hydrogen peroxide. Hydrogen per-
oxide has the disability that even in 100% solution, only 47%
by welght of the substance is avallable as oxygen for combustion
of a fuel, as compared to 63.5% of nitric acid which is available
ae oxygen, or 100f iy pure oxygen ls used, Offsetting this disad-
vantage, however, ig the substantial heat released when hydrogen
peroxide is decomposed to water and oxygen. The power or thruat-
producing capabllities of these three oxidante in any speclfiad
system and with any epecified fuel do not vary from one another
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by more than 10 - 20%, and a choice among the three for use in

a bi-propellant system has therefore been based on sther con-
el _ giderations.

o _Experimental use of hydrogen peroxide as a source of
: ,f'.energy wae initiated in Germany in 1934 in the search for new

sources of power independent of alr for the propulsion of uxder- .
water craft. This potential military uss stimulated the in-
‘dustrial development by E. W. M. in Germany of a concentration

1y ~~process to produce higher strength aqueous aclutions which could |

b s . yet be handled and sfbred with an acoeptably low rate of decompo- “j'

Tyl sition. At first a §0% aqueous solution wae supplied for -mili- - -

py %“***“'tary use,rbut this concentration waa later 1ncreased until solu-'ffff

B N
o

‘3' tiong- containing up to‘85$ hydrogen peroxlde were malle aVail-

'EJHJ;.\‘

J
-\IJ

;ble,_ mﬁifiﬁéﬁeaﬁing’avxiluﬁilify at" mare “RIgHLY géncenﬁrqthd - “4“ff

ng Horld War- Il—ror power-productian i
-in various- bbher military deviceu. For example hydroegen . ‘perox-
1 ide was first used in 1937 ir, Germany for auxiliary propulsion .
, 1 of an _airoraft and in rocketa.

: ‘ - : " An early émbodiment of & prcceaa for genaration or
propuleive power from hydrogea peroxide was the scheme 0f
Lysholm (78) which proposed techniques for generating power from
the thermal decomposition of hydrogen peroxide, followed by com-

bustion of a fuel with the oxygen generated. However, no actual
application of his acheme ig known,

Highly concentrated aolutions, contalning up to 90%
hydrogen peroxide, were also produced on a commerclal scale at
: the end of World War II by the Burffalo Electro-Chemical Co., in
i the United States and B. Laperte, Ltd., in Great Britaln.

Concentrated hydrogen peroxide may be ueed sither as
& monopropellant, in which it 1s decomposed under pressure to
yield a gaseona mixture of oxyzen and superheated ateam, or as
the oxidant for the burning of a ruel. The monapropsllant asys-
i tem 1s mechanically more simple but less energy can be developed
per pound of propellant. In the bdbi-propellant syatem, the per-

TR RN
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oxide may be flrst decomposed and then the fuel burned in the

hot decomposition products, or the two liquids may te reacted
—-——together directly-without previous decomposition of the perox--

1de. The latter 1s more simple mechanlcally but may offer

Problems in 1neur1ng initial ignition and smooth and complete

@ombuetion. In each case power or thiust ie developed by ex-

p&heion of the hot gases. The varioua kinda of rooket power ;""’”' g

plants baged on hydrogen peroxide which were used in Gprmany S
~ ..Auring World War II are described in considerahle detail by ’
1 uf—e—Valter (79) who was closely associated with the development -~ ‘
I iﬁaof many “of the German military appllcatione of hydrogen perox- T o ,
SRR 1de. A numbe: of -drawings and phﬁtbgfiphe are also shown. ' i

v A coneidereble amount of work wae done 1n Germany berore_f o
SRR an& during ‘World War Il to develop fusls whioh would be seif=..

’;é};n ngnit&ng (‘K?pi?gﬁliﬂ;i with~eeneentrated hy&rqgen pgzggide S _f_j4?f:f
% migzie aead The ueupl ermtnrion'or suitability 48 the min&mum - i
‘time which elapses be%ween oontacy of the two liquids and appsar-

b o

ance of flame (ignitiﬁn delay). The teohnique of -mixing greatly S ﬁ
— vgggrecte the resultd, o considerably different oonoluaione may - 747fw;_7:_§é
be reported on the aame fuel-oxidant combination by different - o f

investigators. The prgsence of emall amounts of certaln metal
salts in the fuel also may have a powerful effect on reducing

the ignition delay, or esven in making the system self-igniting

at all. In a few of these cages the activity of the metal

galt seems to be primerily that of a catalyst which decompopss
the“hydrogen peroxide and thersby raises the temperature of the
system to the ignition point of the fuel; morm often, the role

of the catalyst is more subtle, Thus sultable catalysts seem

to form complexes with the fuel, but ths complex must be neither
too strong nor too weakx. Fuels which have been found to be hyper-
, golic with concentrated hydrogen peroxide fall within one of the

| following groups of chemical structures: (1) inorganic amines

i (¢.g., hydrazine), particularly in the presence of dlsesolved : !
copper and iron egalts such as potaseium cupricyanide and sodium . X
nitroprusside, and also eome organic amines such ae toluidine
and various diamines; (2) compoundas having unsaturated bonds
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other ihan those assoclated with the benzene ring such as

(a) several conjugated double bonde, (b) unsaturated bond plus

a keto or hydroxy group, (¢) unsaturated 5~-member ring compounds
like furan, pyrrole and oyclopentadiene; (3) aldehydes such as
crotonaldehyde; (4) higher aliphatic alcohols and compounds
containing hydroxy groups such as pyrocateohol In each of

these cagea the errect may be markedly inoreagsed by the eo;u«rl
,tion in the Tuel of a salt of iron, copper, niokel, vanadium . . -

or cobalt. A large amount of detailed 1nrormation on. the -

- = —.~ — German studies is avallable (80) Bfaatch (81) receatly pub-

lished a deecription of an apparatus -Tor meaauring igniﬁiOh

4~*delaya, inoluding results obtainad uaing 80% hydrogen peroxide ;7
) the oxidizer.f"» - e B 7

ize’ all the water initially praaent plqi that rcrmed hy the
decomposition, if the initial hydrogenmﬂprbxide concentra;ion
4a greater than about 68 wt. %‘ ir- coﬁditiona are such that

aubstanuially independent or preseure. Thé adidbatio deoomposi— -
tion temperatures have been caloulated ror,yarioug_conditiods (82).
‘Figure 1 showe the temperatures which are attained on various
degrees of decomposition at 515 psia of concentrated hydrogen
peroxide solutions initially at room temperature. 7The energy
which can be devaloped depende'upon the mechaniocal system em-
ployed, the initial and final pressures and the peroxide con-
centration. As an example, the complete decomposition at 515 psia
of 85% hydrogen peroxide in a steady-tlow process followed by ex-
pansion of the gaseous products through a reversible (100% ef-
ficient) work-producing device to 1l4.7 psla (atmnapherio:preeaure)
will produce slightly over 0.1 hp-hour per pound of original solu-
tion. wombustion with a fuel such as aloohol or a hydrogarbon
before expansion can approximately double the energy developed

per pound of fuel plue percxide solution,

,,igw;iq_m;;m;;_:f T hé hest_ef dnccmpoaition of aguuau;ﬁhydragan A perex= ... .. .21
S ———- R solutionh»is-surriéiqnt under ggiabmtie conditions o YApor~ -

!
!
\
\
H
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Techniques of Decomposition

The production of energy hy decomposition of concen-

- trated hydrogen peroxide, either with or without subsequent ....._ .
réaction with a fuel, requires a technique whioh will give
Tapid and complete reaction in a minimum volume. Although in.
“principal such decompositlon ¢ould be obtained by a purely thermal
method, as proposed by Lysholm (78), the problems of reliable

_ start-up and operation have always. led in praotice 1o the use of
.ocatalyst, exoept where direct reaction with h a selr-igniting fuel

has been used. A number, of eubatancos are very active’ decompoei—

‘tion oatalyats, partioularly the oxides of various heavy metala.gfﬂ,——

One aimpls technique is Yo~ spray ‘an aqueous aolution of a perman-
‘ganate salt continuowsly with. the ‘hydrogen peroxide solution into

‘{ 7_"“m‘“f_“E‘ﬁ!&ﬁhpoSitiﬁﬁ_ﬁﬁtﬁbﬂr{f'Th& pgrmanganate ton- ts~1mmodiatalr“-"*ﬁ‘

reduced. to. form. finely divided particles of ¢ salid manganese uxidas,f

T WRLSH aonsntﬁtrme ‘adtual satylyst.
atomization, as high as 1 kilogriam of concentrated hydrogen per-
oxids can he. deoomnosed per._ aegopd per liter of volume (79).
This _technique v;a used in Germany ror catanult 1aunch1ng, ~and

By u:xng“lurfleian‘iy*?lne

for steam ganerationvto drive the pumps of the V-2 rocket.
aolubility in water of permanganate salts: increases in the
order: potassium, sodium, ecalecium,and therefore concentrated
solutions of elther the sodium or the caleium salt wexre used.
Calcium pormanganate was of particular valus for winter-time

use because of the low freezing point of its highly oconcentrated
eplutione,

Thia use nf peruanganate solutions for paroxfde decompo~
siltion, however, has not only the dieadvantage of the extra com-
plexity assooclated with handling an additional fluid, but also a -
continuous stream of ocolid meterial ie swept zlong with the ntapm-
oxygen mixture which is highly objeoctionable 1f it is to be passed
through a turbine. Therefore a number of sclld catalysts were
develnped in Germany which ocould be nacked into a bed into which
hydrogen peroride could be sprayed continuously. A wide variety
of catalyste vere studied and some spacific formulationa which
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and potassium chromate and dried. The latter treatment was -

: purported to give longer laetlng surface activity. In both o ) 2
~cages the particles were 1 - 1,5 om size. It was reported (79) ST
. that in- operation at 25 atmospheres pressure 1 kilogram.of . R
"either of thess two kinds of catalyst stones would decompose : I

1l0. -
were ultimately used riave baen reported (83). One type, used

in the German hydrogen peroxide-driven submarine, consisted of
pyrolusite (naturally-ocourring MnOz)“mixed with cement and

sand, and molded into pellets. In a second type, highly

porous porcélain stones were soaked in a mixture of calcium permanganate

li:‘a;or about 2000 kilograma of peroxide per kilogram-of. atone;"*'*?%f‘% — =

. Small amounta of 1mpur1tiae in the hydrogan peroxlde, I - |

(u&either-trnm “the .manuacturind process. or stebilizers purpodely .

| -~ — nagnitude of the effect will Vary enormously with the nature of -~ -

Agggad, will gradually reduce the uativity of the eatalyst. The

the catalyst and the amounts and nature of the materials present

in the hydrOgen peroxide. Therefore in such applioations 1% 18 i

1t is evident that the proceaees oocurring in a deoompon -
aition chamber are extremely complex, proceeding from a liquid
phase reaction at ambient tempsrature and in concbntrgtgd hydro-
gen peroxide at the inlet, to mixed liquid and gas phase decompo-
sition, to a vapor phase decomposition at high temperature and

‘vanishingly small peroxide anoncentration at the exit. The theo-

retical design of such a decomposer was analyzed by Luft (84),
making a number of 8implifying assumptiona, but it is evident .

- that in practice design will be fairly empirical. Luft also

desoribee a number of practical problems whieh occur An de-
composition chamber deaign and operation. Thus, although a
decomposition chamber operates under conslderable pressure, it

150 - 200 gn/sec. or hydrogen peroxide, and that . they nad & - - A

atarts up at atmcspheric pressure, for which condition a sub-
stantially longer hed is requirsd than at higher pressursa,
Also, the bed is initially co0ld, and the necesesity for high
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catalyst activity becomes most acute at the inlet of the chamber
and on initiation ot rsaction. For this reason esuch siratagems
are suggested as the application of a layer of especially actilvwe
matéfial over the réegulaf catalyst particles, the layer perhaps
containing a substance which will diesolve in the inivial flow
orf peroxide and produce rapld homogeneous reaotion. Thie, of
- course, is only practioal for a.system whioh is to bo used but -
o . once. The initial catalyst zone is subject to high thermal - T
. : _and mechanical streas. Moreover, loss of_ catalyst aetivitiy . .|  -
{ . °7 77 " ocours most readily in this zone during operation by reaction ”'if?“f e
;fr!raki{; =-- - of 1mpur1tiee Qr 8tabilizers in the peroxide or by coating of . T 4
fin;j-mij'f’:;ff"uap08;uﬁ by evaporauien. }figébaagiffééfova;éoming this- gradual '
'W;"'fi - " inaotiv ation 1; ~to_so-aonstruct the catalyst that slow mechanical

: 4q;f4,eroaion oocurs. thereby oontinuoualy -making - rreah fatalyat surraoe

e gvailablel - Hﬁwlvirrwtﬁllailwcnly~ftﬁlibl!"hiri the eraded - . -
e mnjirial oan he.. tnlernm:ﬂ~1nAjha -ges. sjrgﬁm e »fz,:n:wiﬂgéf,'

Hge - pw e L
FECE CU T

i i

e ,"r,i,_;” T Another prdblem oited 18 that of- oacill&tidﬁ‘é**pﬁléa—
. ‘tions of flow. This can coour if a portion of the bed cantains o
« Tt _: . catalyst of low or moderate adtivity, fdr example, afﬁar a bed
= _ _—has been operatad for such a time that— the upstream portiona of
PR the oatalyst have loet much of their activity. A momehtary low §3~ :
- pressure causes an increased quantity of peroxide to enter and "
"flood" a portion of the catalyst. This peroxide euddenly de-
composes after a very short but finite time interval, suddenly
raising the pressure and Aeoreasing the inlet peroxide flow,
The subsequent Arop in pressurs as this gas leaves the chamber
ir. turn allows an increased peroxids flow, and the eycle in
repsated. The phenomencn should not occur i1f the catalyst is all
of very high aotivity, and the oscillating effect will e worae,
the lower the satalyst activity, which allows gresater peroxide
acoumulation before the sudden decomposition occura. A possible
corrective measure; besides uho of a more active vatalyet, is to
provide for & higher pressure drop through the nozzles isuding
the peroxide to the chamber, or to use other technlques which '
help &ivorce the rate of feed from chamber pressurs.
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he charactasristiss of liquld and vapor-phase decompo-
sltlon are ronsidered in Chapter 8.

- The various military appliocations of hydrogen peroxide - —
in Germany will be briefly reviewed below.* ’

Use in Submarine Propulsion W_;a,

- Before World Har II. submarines were conventionally ,
driven by Diesel engines while “on the gurface and by battery- -
fed electrlc ‘motors whille eubmerged The available _capacity and

dleeharge ratee of the batteries Suverely limited the capabili- - =

ties of the submarine in underWater propulelen.,axt BY-§ parzieu—fgff;Wffgfa :

larly*deetrable rorga*eubmerlne*te*have a high- undervater speed
for escape after attack, but nhe total energy attainable -on rgpiﬁ -
diecharge_er batterieewie enbetantially leee.xhan that 1: Ihgyﬁj_ﬁm‘_~~“

merged epeed of 7.5 knots (85), the latter could be malnta;ned fer’
only a very ‘short time. During bhe war Germany built the type 21 .
boat which was capable of a aurracefepped of 15 L3 knote“und'u—eub- 'f:“f?"
merged speed of 16,5 knete for one hour, obtm_ned by large battery'
capacity and the use of very thin grids in the batterles, :

The use of hydrogen peroxidy for submarine propulsion
was developed at the Walter Werke, Kiel, where an 80-ton experi-
mental submarine wae bullt bLefore the war and demonstirated a sub-
merged speed of 25 - 26 knots. This wae followed by the construc~
tion during the war of four school boats and five operational boats,
designated as type 17B. These had 380-tun displacement, surface
speed of 8.5 knots, and submesrged speed of 25 knots. However, they
were never put into operational use because of the shortage of hy-
drogen peroxide. At the end of the war there was under construc-
tion a "type 26* boat to have been of 900-ton diaplacement, 1l knots

- um W e e em e e s mm @ wm mi M s Ea s A wn o W N ms R e GR e R i wa W e e

# Tn a number of descriptions of JSerman work, partiocularly transla-
tions of German documente and other lllerature not appearing in the
usual technical journals, conzentrated hydrogsn peroxide is referred
to under tho German military code namos of "T-Steff,* “*Renal" or
*IngoXin."
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- peroxide-driven engine was rated at 7500 hp. T
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surface apesd and 24 knots submerged speed, with capacity for
about 90 tons of hydrogen peroxide--psufficilent to maintain the
maximum submerged speed for a total of about 6 hours., The

The power plant ls shown dlagrammatically in Figure 2.
Concentrated hydrogenfperoxide was pumped into a packed catalyst
chamber where it was decomposed. The catalyst consisted of
porous 8tones impregnated with a Permanganate and allowed to dry.

. The sodlum or caleium salte were prsferred for;tbevprQthentipg: -

- cause of thelr hlgh golubility in water. Water was alao sprajed
__Anto the combustion chamber with the fuel (Diesel oil or decalin)

T in order to lower the temperature of the combustion gases to

ﬁ’abuut 1020°F, “the maximum allowable inlet temperature for the _

turbine, Turbine. exit ganea were cooled, Aome. of the. condensed

......

water reoydled to”thE”EﬁmBﬁEtIUn cnxﬁbar;"un& “the rumuiﬁdér, R

“plus non—éanuaﬂaable EEBEB‘“!IQ punps&ﬁovsfhnard 'The h:ﬂregen
peroxide ‘was stored in collapeible polyvinyl ohloride bags out-

o sida of the pressure hull, A diaadvantage to the peroxide-

 driven gubmarine i8 the quantity and ooat of tha hydrogen peroxide

"required.; Mureover. other operating charaoterlstioa sucsh as- -oruis——

‘ing radiua, space, ete., had to be somewhat aaoririoq& to obtain
the unusual underwater performance. More detalls of the German
peroxide submarines have been published by McKee (85).

Usa of atomic energy would presumably permit underwater
propulasion for almost unlimited periods. Initiation of the con-
struction of power plants for two atomic-powered submarines had
been announced by the United States Navy by 1952. *Jane's Fight4
Aing 8hips 1950-51" (86) reporte that the United States Navy has
proejected the construction of one atomic-{nuclear-)powered asub-
marire of 2500 tons displacement to cost $40,000,000, and one
submarine of 2200 tons displacement to be powered by hydrogen
peroxide in a closed oycle engine, to coat $37,000,000.

Use _in Torpedo Propulsion

A torpedo 1ip in effect a miniature, automatioally-~
operated submarine. At the beginning of World War II most orera
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+tional torpedcea ueed hy the various belligerents were powered
either by electric banuieries and motor or elae hy combustion

of a rwéi {g.g.; alowizol, kerusene, decalin) in air supplied

from compressed-air tanks. The hot combustion gases were then __ 
expanded through either a reciprocating engine or turbine which
drove the propellers. Repiaoing the Air vith oxygen or hydrogen
peroxide reduces the Qaight for a specified performance, or ﬁer—

-  mite the attalnment cf higher speeds, ranges, cr increased war- :

" head size. ‘Liquid oxygen wag used in the Japaneae type 93 tor-
pedo but 1t 1ntroduups many problems of storage,rmalnoenance
and hazard. . _ ‘ _ ‘47*77\ , - -
.' A variety rr German torpedsss were developed to uase
80% hydrogen peroxida ag the oxidant with decalin as the fuel,

'"*mbustion was 1n1t1qted by 1nject1ng “into thefcombusticn

ohﬁmber PR AN 11.8% Tew Seoonds an 80% aquecis- #olution of N HE
k,hydranina hydrate, ocontaining dissolved potassium-copper: cyanmde
or other aoppér\oompounda s a cama]yst. This fuel epontanoously -

inflames with ooncentrated hydrogun peroxide.f An additional ad-
vaqtage of the peroxide-driven borpedoes over those ueing ‘air wag
that the oombuation gasps were readily goluble in water and there-
fore the. torpedo cculd be made eseentially wakeless. Oonsiderabdble
detall concerning the various German peroxide torpedces is given
in a report by Coleman and Kilpatrick (83). Mechanical details
and performance data of two different German torpedoes using
hydrogen peroxide have also been published by Maxfield (87) ana
comprred with those of other torpedoes. It is reported that
aﬁout 1000 peroxide-driven torpedoea'of varioua types were manu-
faotured 4n Germany during World War II.

Q_gg_i_n"ﬂooi:e_’d Propuleion

The relatively high cost of conocentrated hydrogen per-
oxide relative to liquld oxyeer or nitric acid limite ite appli-
cations as the oxidlzer in rocket propuleion, particularly for
large rockets., Its largeat scale use was in the Melé3 inter-
ceptor alrplane developed in Germany during World War II, whioh
wag the firat roncket-propelied plloted aircraft ever flown.

l
1
1
:
j
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In the first stages of development, a simple power
plant utilizing the decomposition of concentrated hydrogen
- — - —--peroxide alone was used, Howsever, the specific impulee of this S -
system 1s quite low and it was replaced by a bi-propellant "hot"
unit using a fuel oconslsting of a mixture of 30% hydrazine hiﬁrate
~ plus diesolved catalyst (potassium copper cyanide), 57% methyl
aloohol and 13% water. This fuel wag self- lgniting with hydrogen
- peroxide. Methyl alcchol was used in the fusl’ mixture to extend - -
-~ the supplies of hydrazine hydrate and water was added to reduce .
,l'*fthe ‘combustion uemperatura.f The aireraft weighed 90‘0 pounde o —
when fully. fueled and—the rocket: motore could produce a 3300- 7‘::f
- pound thruat, which enabled 1% to climb to 30,000 feet in about =
- __two_minutes. Even though 49% of the take-off welght of the air-,f:'~—ﬂr : :
,;fj—E' f'plane’wae prapeilaﬁt its ogarafionéi‘ra&ius Was. extremeIiJlimIYed_’ “;;;; ;lf
|- -+ - and it had a normal enduranoe of only 10 - 20 minutas at- the, maet,wgﬁgAWj,ir,nf
L The fuel supply wag-suffialent for anly & minutes at the maximum
‘ rate of consumption, More details 1nolud1ng perrormanoe data on B ~¥_7H-j; o
~ - .. ~the Melé3 airoraft are given by Walter (79) and by Zuerow- (BB), I R
: " who alao 6ites the perrormance oharaeteristica of varioua liquid ?¥;:-a_ L
propellant eystems in Tooket motore. : 1 A

Hydrogen peroxide wasg als8o uqed wilth fuel containing
hydrazine hydrata in some German assisted-take-off units which
;provided addltlaﬁal thruat during take-ofl of alircraft and then
were dropped. A typical unit was the HWK R1-209 ueed with the
‘Heinkel He-1lll and Junkers Ju-88. The motor weighed 500 pounds
empty; it carried 486 pounds of peroxidé eolution,lél pounds of

- fuel end produced a thrust of 3300 pounda for 30 geconds. Row-
ever, take-off units based on decomposition of peroxide alone '
(with aqueous sodlum permanganate Oor calcium permanganate solu-~
tion a8 the catalyst) were also used, particularly for smaller
airoraft where thelr greater simplioclty more than compensated
for the lower specifi® impulgs obtained. As examples, the
Focke-Wolf ATO FW-56 developed 650-pound thruet ror 30 seconds; ]
Henkel unitse He-1lll and Re-1206 developed a maximum of 2200- and
1100-pound thrust. More detalls are given by Walter (79).
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i A monopropellant or "cold" take-off unit, called
i{ » "Sprite," hns been recently announcod by the DeHavllland Engine
b Co., for general application to jet aircraft, civil or military.
P : Two unltas would be used on take-off. Each holds 39 gallons of
80% peroxlde, 24 g gallona of permanganate catalyst sclution,
welghs 925 pounds, and develops 5000 pounds thrust for 9 seconde.
Complets design details are given (89). Solid propellant take~

off units are simpler in construction than liquid propellant
_unite and are rrequently preferred today. _ : a

X o o C?ll;ngA(90) ‘hag made & detailed atudy af the performmf
S o ance, of a small rocket motor (about 10 pounds thrugt) using 90% o
A,ﬁ_ﬂ__f”;;ﬂﬁi,f,\hydrOEen peroxide and two Aifferent self-igniting. fuels, (1) an - G

,; S ' 85% aqueous solution of hydrazine hydrate containing iron and
o . oopper salts as catalysts, and (2) methyl alecohol containing
Tjqugw,i_;;“ 200 grams/liver-of - rarroungﬁ §;~»apﬁthalane enlfonate. trihy@rate1” ?

e i s - melee s i s

e B 7 I wag TF;EQ_ant the parrormance obkalned in such a-#mall: rocket -

'mator saf-olosely. apprnximata that commonly qurved in a 1arge-

scale motor which providss an approximafely equalfrealdenes time

. Tor the resctants. The axperimental results are: Qompared with

o R theoratical predioctions and the probLem of how to allow ‘tor heat i
S P "loss-An making such a oonparieon i considered in particular. e

Oonsiderable information is also given on the performance of vari-
ous types of injectors.

e et atd il b

A

-y
Lidn

B o

A very readadble book which rescounts the development of
rocket, propulsion has been prepared by Willy Ley (91). For a o
rore technical analysis of rocket and jet propulsion, see the : B
books by Zuerow (92) or Button {93). The prineiples of rocket
propulsion and designfand perrornance'or 1iquid propsllant rookets

are also presented by Seifert, Mills and Summerfield (94) and by
Diplock, Lofts and Grimaton (95).

Use in an Auxiliary Powsr Source

The contirmous, complete decomposition of hydrogen
peroxide produces a supsr-heated steam~oxygen mixture at a con
stant temperature, fixed hy the peroxide concentration used,

et o
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rnd oaii thereby provide a simple, reliable and compact auxiliary
ersryv gource. It was thus used in the German V-2 rocket to power
the fuel pumps which rorced the main propellants, liquid oxygen
and 75% ethyl alochol-25% water, into the combustion chamber, S
In the V-2 rocket the stream of peroxide was decomposed 1in a .
- decomposition chamber by injecting continuously an aqueous solu- S
tion of sodium-or calaium permanganate, although a mechanical -
system using flow through a bed packed with active catalyet would
be simpler. A partloular advantage or hydrOgen peroxide 1n this

“enter ohe turbine, . T — f__it_:

b ey D

ste in Gatagult Launchlng

s - - The German V=1 £1ying bomb ,_which wan g minidtures -~
. . .. probot alreraft powsred by an intermittent (pulse) Jet, was .. .- — .
T 1aunohed from the ground by a piéton-type vatapult powered o N

by ooncentrated.hydragen peroxide deqomposed with sodium or = '

:  .(ealeium permanganate soluticn. Each launching required about

~;;5f, ﬂzo prunds of 80% hydrogen peroxide nolutlon plus 11 pounds of
- ’ealcium psrmanganate solution, o T .

o e

The two fluldas were sprayed into the gun breeching
from blow cases pressurized oy air bottles; the peroxide decompo-
aition produced an internal pressure of 800 - 1000 psi. A launch
ing speed of about 250 milee per hour wag attained with a 150 rt.
guntube, correspond&ng to an avurage acceleration of about 15 timee
gravity, which meant that veaction must be essentially ocompleted
within the launshing period of 0.7f eseconds, An ingenious meohani-

cal device was used to connect the flying projectile above the gun-
tube with the plston inelde.

[

The charecterlistlics of the German launcher have been
described by Bellinger et al. (96) who also report studies of
hydrogen peroxide decomposition by permanganates in thrust motors.
These were carrlied out in a preliminary investigation by the U, 8.
Chemical Warfare Service of the use of liquid propellants for
launching an American counterpart of the V-1 bomb,

i o — - -
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In poeslible ordnance uses of liquid propellants, very
high chamver preesurss may be encountered. Barr and Wilson (97)
have published resulte of calculations of the thermodynamic

"7 properties of the reaction products of 100% NHydrogen peroxide

and 100%# hydrazine at pressures of 10,000 to 185,000 pbunds per ;
square inch. The data include final equilibrium temperatures, - ?
densities and gas oompositions for reaction under either consatant
pressure or constant volume conditions. '

Hydrogen Peroxlde as an gggloalv - ' - e

o As .d1ssussed in, Chapter b certain mixtures or solu~ . E

- £OTR: vwry sensitive and powerfnl exploslves. For commercial - - i
" use, however, 1t is neccaearv that an exploaive have a vory 1ow _

Y I

N R azploaive mixture need be rormed only at the site and then only

'l}ﬁEhﬁbiﬁxiiiyr‘ Sertaln’ mlxhumen of glyuerol. hyd¥ogen peroxids _
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 auch aa.:irle fIfe, bﬁf’detﬁnatable by a blaqtlng oap (98) . The 7
fact that the two liquids are nach ncn—explosive by themaelvgg -
offera a methad for safe. trﬂnsportation and storage, since the

H N et xt“ i

ghortly befors it 1s_to be used, However, there is no report
of these mixtures having been actually used commerelally. The
reaction of hydrogén peroxide with certain substances such as
powdered aluminum and carbon has been suggested (99) as the _ "
basis for preparation of delayed-action fuaes, although the

reactions appear difriocult to regulate.

! .
.a'drE‘«-‘J;pv:

USE OF GA8 FORMED ON DECOMPOSITION OF HYDROGEN PEROXIDE

The fact that hydrogen peroxide releaseés a gae on
decomposition or in certaln reactions is the basis for its use
in the manufacture of porous products. Thus it has been used
to manufacture porous concrets buillding blocks, in foam rubber
manufacture, and 1% has also been coneidered as a dough-leaven.
ing agent. Hydrogen peroxide 18 a convenient source of pure
oxygen. The gas formed on decomposltion may aleo find use as
n Tlotatlon agent, as in the recovery of pulp from mill waste,
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Use in Porous Concretc

_For_many building applications 1%t 1s desirable to use

a low deneity building block or construction material 1n order

to save weight or for ite insulating value. In the United 8tates
expanded per’ite or other low density aggregate is rranuantly in=- .
corporated in a ooncrete mixture for this purpose, Cnnazderable
experimental work was carried out in-Germany before and during ) 7
_World War II on the use_ of hydrogen peroxide to produoe a porous _
product from cement mixtures. Procedures varied daﬁgﬁﬁfhégﬁiEﬁfi
the nature of the aggregate and_desired _properties of the product,
A typical ‘mix contained the following 1ngredienta added 1n the '
order glven: '

s

(g) By
(b)) 300 Lt;h"%HQﬂmm , e
~(a) ~ watar S S e T e
() 3.5 liters of 4OF hydrogan peroxide B
(e) Calcium hyposhlorite equivalent to the hydrogen e e

peroxide, as exprasned by the reaction below, —

The use of catalysts to deeompose the hydrogan peroxide
was found to be unsatisfactory. Oalclum hypochlorite 18 not a
catalyst but reacts as followa:

€a00l, + H0,——> Call,+ H,0 + 0, (2)

. The building blocks produced were reporfed to have a
specific gravity of about 1, & crushing strength of about 25 - 30
kilogramg/eq em and 2 ~ 3 times the ineulating value of ordinary
building blocke. This product was used in gsubstantial guantitiss
hy the German Army a8 a building material. Doubling the amount

of hydrogen peroxide used and adding about 0.7% of sghredded cellu-
loge Trom wnod pulp, based on the dry weight of cement rlus sand,
produced blocks with specific gravity of about 0.5 and crushing
strength of 20 kilograms/sq cm. Porcus gypsum blook was also
made. ueing decomposition catalyete with hydreagen peraoxide, having
a epeolfic gravity of about 0.3 and a crushlng sirengun of
4 xilograms/sq om.

about
Porous concrete made with hydrogsen peroxlde
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does not adhere as well as ordinary concrete
ing rod, since thes peroxide is decomposed by
a gas £ilm between the rod and the concrete.
vantage of the use of hydrogen peroxide here

‘chemical agents ig the faot that the gag can
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to steel reinforo-~
ths mstal, forming
However, one ad-
over many other

be produced with-

— o am —

out heating.

Foam Rubber

Foam rubber produots are made by 1noorporating various
_ingredlents in natural or synthetic latex,, among which-is a

chemical such™ as hydrogen peroxide which “will liberste gas.— Tha
actual techniquea used have net been publioized by the manu- B r;f

racturere but 1t 1s known that the. quality of the rinal produot
is greatly dependent upon such raotors as- sequenae and *1mang or
the additigns. Iﬁ‘oqﬁiprooaae, —after addition- orltha*hydrogan
pergzéde. the. iltexﬁbntter 48 allcwud tﬁmatpaﬁﬁ"%o the desliga
degree-in the mold; which 4e-then quick/frozan Boﬂpreserve tha

~— "~ ahape and callular etructnre. _This is followed by ouring, and
o then ‘washing, )

= ‘;\

e - . w - e e \:

rd e e A recent Bwiss patent (100} quotaa ‘the rollowing rormu—
1ations‘ %0 1 1iter of a latex mixture containing 100 parts latex,’
3 sulrur, & zino oxide, l.5 accelerator and 1 part pigment, ia
added 10 milliliters of 30% hydrogen peroxide. The mixture is
stirred until it reaches a volume of § liters, whereupon 150 ml
of 15% calcium casein and 20 ml of 20f ammonium chloride are
added. The foam, whioh is claimed to be stable for 3 - 5 hours,
18 then viulecanized at 95°0. Other formulations are also glven.
The final total volume ig generally determined by the quantity

of hydrogen peroxide added, and soap may be added to control
bubble alze.

Use of Hydrogen Peroxide in the lisaveni

Several patents have been 1ssued on the use of hydro-
gen peroxide or peroxy compounds as a dough-leavening agent (101},
Hydrogen peroxide equivalent to 0.5 - 2.0% of the weight of ths
dry flovr in incorporated into the dough, and it is allowed to

wdadhad ) dnindales g L
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stand until most of the peroxide has discappeared, before 1t is
baked. The remainder then.becomes destroyed, during the baklng
operation,-by the catalase present. Since-.catalase itself ia
destroyed by elevated temperatures, 1t 1s lmportant that the
baking -operaticns be so adjusted that all the hydrogen peroxide

has dlsappeared by the time that the oatalaee-deatroying Lem- -

peratures are reached, _A comparison of bread leavened with
yeast and with hydrogen peroxide was mads by Bailey and Le~
: ‘Glero (102) who oarerully analyzed orust and crumb for aah

Q&ﬂ

tat reduoing augar, total sugar, water—soluble solids, etc._v

Few signifioant differences were found, except that the taste e

of the peroxide bread was roported to be inferior to that of

yeast bread! It has aleo been obJeoted that the texture of ‘—- .

o bread or oaka—ieavanéafwith hydrogen peroxide E1 N to&'fihe;andf~ B
L 7regu1ar, the etrength or _the produot ie 1ow and in the mouth .
E "A'it Pr6duces a Arying sensation because of the enormous aborp= .

- _. RN —

Wtive power endowed by- the fine texture, Solid peroxy compounde o

such a8 oalcium peroxide and urea peroxide have. alao been pro-L

Hydrogen Peroxide as a Source of Oxygen

- The use of hydrogen peroxide specifiocally to generate
oxygen has not been exploited to a great degree outslde the
laboratory. It has been proposed for replenishment of the. at-‘
mosphere, as within a sutmarine, and has boen used to keep finger-
ling fish during shipment. Consideration of concentrated hydrogen
peroxide as an oxygen source for welding and other usges in remote
placee may well be warranted, since 30% hydrogen peroxide offers
s welght saving of more than 50% over conventional oylinders of
oxygen; return of enphy gontatners ls even more economical., W¥Where
larger quantities of oxygen are required, a liquld oxygen plant
becomes in turn more attractive.

Dilute hydrogen peroxide solutions are a convenient
gource of semall quantities of oxygen, such as might be desired
in laboratory work or in lecture demcrnstrations. A convenlent
procedure ia to run the hydrogen peroxide solution into a con-

i
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o8 IR ",Wpolymerization chains. Varyingwtha concentration of pefoxidﬂ —
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talner or an apparatus operating on the principle of the Kipp
‘Generator and containing a solid catalyst such ss manganese
dioxide,

HYDROGEN PEROXIDE AS A SOURGE OF FREE RADICALS

Polymerization Catalyst

The polymerization @f most unsaturated compounds, such z

as styrene, vinyl acetate, methyl methaorylate, etc., can be ac- '%=

) celerated by addftion of hydrogen peroxide or other peroxy com- 7
pounda (lOb) The effect is due to the free radioala prcduced o 5

on decompoaiticn of the peroxido, whioh are known to_ 1n1t1ate

uaed and other expevimental uonditlone providea oonsiderable con*:;ﬂ

_the produen., The adaition of EMallAgmounts of - pﬁlyvalent nettiw -
oatalyeta,\suoh B8 1ran, greatly increases the pro&uétion rate of '
radioals by peroxide decomposition and thereby makes it poaaible -
to ach;eve aubatantlal polymerization-rates at much lower tempera- Co _*ﬁ ¢
" tures, By thie means, polymers of superior physioal propertiea S |
can be produced, such as "cold rubber® in the synthetio rubber

field, The initial reactione occurring are shown in the equations
below:

- - : o
Fe + B0, — Fe 't OH ¢ OH , : :

OH+ C a C—HO - C -~ O

Any one of a number of peroxy sompounds may be chosen for use

as a polymerization catalyst. For example, potassium peroxy-
displfate was used during the 1940'as in the United States for
co-polyaerizing butadliene and styrene;, a number of organic
peroxides such as benzoyl peroxide and cumene hydroperoxide have
found various apnlications,

Depulymerization of polymers auch as cellulose, atarch, '
rubber, etc., 18 also accelerated by peroxides, but the effect is
probably due to the oxidation and subeequent breakage of bonde



O praoticé'by “Richardson-in 1856. lelowing Richardson's ardent _
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rather than to the formation of free radlcals as guch.

Other organic reactions which proceed by a free

----- _ .radloal mechanism may be catalyzed by peroxides. Examples ~~ T T T

include the addition of polyhalogenated hydrocarbons such

ag bromoform and the addition of phosphorus trichloride to ] E
double bonds of an olefin (105) - . 7 R S E

o . . EFFECTS OF HYDROGEN PEROXIDE ON : " '
o -~ BIOLOGICAL PROCESSES -~ - = . - - -

Use of derog n Peroxide in Medioine T _ ' A e

Hydrogen paroxide wag rirat 1ntroduced into medical

reoommendat;ons,_mgny treatmente‘involving the use or hydrogen

i?f:mi;f' peroxide ﬁere develapedwan&atheae Are- reviewa&‘by Riéhatd- 'm*;%4fff’f“:”i7“":'

77developaéftop apecirierdiseaaes were ohiafly symptamatic ahn/r RESR
few would be recognized today. 8imilarly, the 1ntroduotion of o ;
- _ hydrogen peroxide as'an antleeptic or disinfestant ocourred at_ T
peridd before the neceesity for agepsis in medical and surgi-~ o
oal procedures wag cﬂmmonly reoognized and based upon spian-
tific prinociples., These facts reduce the extensive earlier
medical literature to 1little more than historlcal interest.

The area of usefulness of hydrogen peroxide ar an
antigaptic and disinfecting® agent and as a treatment for certain
diseases may now be outlined more certainly. These medicinal uses
of hydrogen peroxide do not acocvunt for a large proportion of the
hydrogen peroxide marketed, but ths use as a household antlseptie
ia widespread. Although antiseptic agerts also poesensing tino-
torial power have displaced some of the favor forserly accorded
hydrogen beroxide, public famillarity with hydrogen peroxide is

# The terms antiseptic and disinfectan!, as well aa the similar
terms bactericide, bacteriostat, garminide, virucide and steril-
12ing agent, are often used aynonywousliy. 8Strictly, antiseptic

18 taken to mean that which inhibits the growth of micro-organicems
without necessarily desiroying them, as 4digtinguished from a dle-
infectant, that which frees complctaly from infention, killing
minro-crganiemae and rendering virueee inaciive,
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largely confined to the use as antigeptic and as a2 halir bleach.
Various other peroxy compounds have also come into uge for medl-

~_cal purposes. For example, urea hydroperoxidate in glycerine

TRive errautivanaiibs‘Vary graath with the- matha&fohoqen fTor 6om=: . . .

has been extensively studied and appears to have considerable
effectiveness. Inorganic peroxides such as zine and calcium
peroxides have been incorporated into coemetiocs and tooth paste

~because of their antiseptic action. Hydrogen peroxide also has

been incorporated in pastes, tab]eta, ointments, ete.

ﬁwffHany detailed atudles have ‘been made of the bacteri-
cidal .aotion or hydrogen beroxide and peroxy compeunds. against
various mioroorganiama (108) and its erficacy has been compared (109)

phenola, eﬁhyl aIbohol and othere. Hownver, their reported rela-

and time of contaeﬁ. : : - , 4/

1

The in vitro teeting of an antiaeptic or disinreatant
is, a8 1t were, the-measurement of a. chernical reactian rate, with
concentration, uemperacure, and, to a 1imited extent, Solvent or
growth medium as the variables. W¥hen it is attempted to extrapo-
late these results to the probable action in tissue fluids there
enters a host of other variables which are difficult or imposesible
to duplicate simultaneously in in vitro teete. In addition there
must be'oonaidered, espécially in the treatment of wounds or the
surface of the skin and mucoue membranes, the rate of transport
of the antiseptic to the affected area and 1ts time of residence
there in the presence of forces for destruction and dilution.
Buch physical rate processes may play a determining role in the
effectiveness of an antiseptic. These considerations are dis-
cuessed in the nmonograph by McCulloch (110) and, ror hydrogen per-
oxide in particular, by Brown (1lll). The results of the atudles
cannot be detalled here; in general hydrogen peroxide-glycerol
solutione seem to be more effective against gram positive than
agalnat gram negative organisms, although bacterlostatic effects
are shown againet both, and hydrogen puroxidé can be classed as
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74'The adv:nt&ges and~¢1aadyantaga!—ur ‘nyarogen péroxidé :
as an antiseptlc mav be aummed _up as followa:.

L
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a non-specific bactericide.

Higher hydrogen peroxide concentra-

tions and/or longer contact time are needed to destroy spore-

forming bacteria such as B,

forms such as E coli

aubtilie than ars needed for coli-
A particular advantage %o the uase of

hydrogen peroxide as a disinfectant i8s that 1t produces relatively

- 1ittle inhibition of phagocytosis (abtivity of certain blb@d,and
other cells in destroying waste, harmful bacteria,
general, tests in vitro show that peroxide concentrations: of the
order of 0,001% - 0. l% at room temperature inhibit- growth while_

. concentrations of very roughly-0.1% or higher- destroy the organ-

8uch concentrations are aleso capable of rendering solu- -

tiona intended for injection pyrogen-free (112).

‘e also discuseed in 1ologica1‘Proceseea in chapter 2.;f5;r—

. lsms.

not unauly specifio

"0 . low tissue toxieity

. - non-allergenic

innocuous products of
decomposition

non-staining

soluble in tissue flulds
exerts cleansing action
relatively inexpensive
relatively palnless

Ad.vantggg e

gt0.) .

This subject

. ____/ - Al

| maadvgtgge S
_slow in actien _ ;

: relatively unstable in

~_storage -

| high surface tension

inaoctivated by tissues

The disadvantages mentioned are overcom@ to a large
degree by replacing water with anhydrous glycerol as the snlvent,

Such a preparation, to which hydrogen peroxide i1a added as urea

hydroperoxidate and containing oxine as a stabllizer, hae been

developed by Rrown, Gorin and Abramscon {(113).

The visoous

glycerol vehicle prolongs the action of the hydrogen peroxide

by preventing evaporation, clinglng to the point of applicatlion,
and providing a reservoir of peroxide which continually diffusesn

i
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“f*“‘*”:'*ﬁattvﬁ*vttﬁ pﬁi@ooiﬁee (IL7) already mgntiqnad _may also play a
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to the surface to be treated rather than being quickly decom-
poeged by surrounding tissues. The hygroscopic glycerol also
aide by drawing tissue rluld to the site of action. Brown (114)
has found a high degree of tigsue tolerance and lack of sensi-
tivity to thie preparation. Studles (115) of this and other -

- hydrogen peroxide antiseptio preparations indicate that accept-
able Btability can be madntained for long pexiode.n : “

R The ultimate mechanism whereby hydrogen peroxide exerts
antiseptic or diainreotant action 18 not understood. It 18 R
known (1l16) that hydrogen peroxide 1s a normal metabolite of L

—* ~—  bpacterial growth thus 1ncreasa of hydrogen peroxide concentration

~in the baoterial growth medium acts as an inhibitory ooncantration

5 B or,waate. retarding or stopping growth. Bimilarly, the releaserof - -
*N*__&_mmmnmymmuLmtywmo&mamwwefmrwmmﬂm“_MT"
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L " -part in.the agtion. -On the other hand;. naturaily-occurring sub- C

- -— o atafices inhiﬁit action or hydrogen peroxide ag by the deoompoai- g

tion with oatalaae (118) or the proteotion afforded by pyruVate ‘
. {119). The addition of nertain salts to hydrogen peroxide, 1.8., .
‘those of ircen, copper, chromium (promoted with manganese or o
‘oobalt), and molybdenum, has been shown .(120) to inorease the
disinfectant poier markedly, suggesting that the formation of

free radicals may play a part. Thie is similar to the power

of hydrogen peroxide, alone and in Fenton'! a.reagent, to produoe
mutationa (121) in bacteria as does radiatian.

Aydrozen peroxide has also been pnopoaad as an inter-
mediate in antiseptic and detoxification mechaniame of mediocal
interest. The action of sulfanilamide has in part been ascribed
(122) to the depression cr neutralization of catalase activity
whioh allows hydrogen peroxide dcrived from bactorial metabollasm
to increase to an inhibitory con-entration. B8alliva has been
phown to have some antlueptic actisn and 1%t has ‘een atated {(123)
that this 18 due to the presence of hydrogen peroxlide. The action
of phenols on tacteria has been s“own (1l24) to be heightened by
the presence of peroxidsoce and hydrogen peroxide, although 1% is
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1—i";:—?‘iérial and. fungus infections of the ekin and mucous membranes (127),
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not certain that this effect i1s of any significance in the action
of unpromoted phenol. Hydrogen peroxide has also been assigned
(125) an intermedlate role in the detoxification action of
ascorbic acid on eyclic compounds. The formation of hydrogen
peroxide by bacterla and by enzyme processea 1s discussed in
Chapter 2. '

'References may be given to recent deecriptione of the
use of hydrogen. peroxide 1n the treatment of speoiric diseaBss
- “or afflictions. Good resulte have been obtained in treatlng
- “chronic ear 1nfeotions,(126),.q number ot,1§glammq§orx)orihgc—
_oyanide poisoning (lZSY"chronic empyama and lung infections (129), -
reduetion or prevention of skin lesions caused by friotlon of rough

3;T;Axf~4papgr~4130)_manoruata1 surgery-(131);-warts; -small burnssnd Lewisite . —

. . sburns (132)., Several appltcatlona to veterinary mediblnb'have
it been aeacribed by Emﬁé}aen {(153); use as a vermifhge_or,pnﬁhqlaT-;
: hintic (134) and in the treatment ror warble fliss (135) is also
. . suocessful. The use in treating gas gangrene (136), influenzal
= pneumonia FLB?) and stomach ulcers (138) may be said to be oon-
. troversial or unauccessful, and traatmant of hypoxia, carbon
-monoxide poisoning, hemorrhage and shock with hydrogen peroxide

hae been found of no value in animal experiments (139).

Beed Treatments

A Bubstantlal number of reports have been publisghed
of the use of hydrogen peroxide or peroxy compounds for treating
gseeds, The most common purpoeerie to disinfect the geeds and
improve the germiaatlon. It is relatively wasy to determire the
effectivenens of a dlsinfeoting treatment, dut it is far from
clear whether the improved germination obtained in some cases
1g due to immoblilization of micro;rganiama which would ctherwise
jnterfere with permination, or rather to the specific effect on
the germination power of the seed. Too severe disinfection
treatmente may strongly reduce germination. The aterilizing
effect of hydrogen peroxide varies with the character of the
sced coat nnd vhe type of microgrganiem. Kleser and Portheim (1&40)

_ mr——p——r,
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found that flower, legume and cereal seeds could be partly or
cdmpletely sterilized with little impairment of germination, by
use of soluticns of hydrogen peroxide of 15 or 30 wt. %.

, Rough seeds, those covered by glumea (huske), and
those oocurring-in balle were more difficult or 1mpoeeible to
‘sterilize. Those treatments which favored penetration of the -
:pefoiide solution into the seed decreased gemination. . Pichler .
o (1“1)‘reported'that treammeﬁt’bf wheat and barley with hjdrogen,m_;r
+ - .  peroxide solutione of up to 3 wt. % failed to control wheat bunt
; :(Tilletia carieg) or oovered smut of barley (U etillagéfiorde )

" and ‘treatment or oate with solutions of 4 - 5 wt, % failed to

that solutions of about. ?0% hydrogen peroxide were requlred to

- Do control the 10088 emut of oats (U._ Av Avenae) o0lgyay (1b42) round‘“‘* -

-Hﬁa

7~**but”g§fmrnatiun”vx!'Blightiy decreased. R sl e

There are several raporta in the 11ner&ture of”hydro-

gen paroxide treatments being only slightly or not at all effeative - |

”*”““”*1n ovoruoming geed lnfectiona, but_in -each case it . appears | that

S " too low ‘peroxide ooncentrations wére uged (L.8., 5wt. % or 1995)
R There are also some indications that peroxyacetic acid may be_an

- effective agent for seed treatments.

Soaking seeds in dilute peroxide solutiona (e.g., 0.0l
to 1.5 wt. %) for periods of 1 day or so or until germination
begins, improves the percentage germination and the rapldity or
intensity of germiriation of a number of seeds. Improved effects
have been reported for whHeat (143), flower and legume geeds (Lih)
and tomato seeds (145). There have been a number of atudies on
barley which show improved germination characteristics, this be-
ing of particular interest to brewerlies. Typlcal hydrogen per-
oxide concentrations are 0.0l - 0.5% in the steep liquor and
optimum temperature of 20°C {146). The fact that water is the
only residue of the treatment makes it of particular interest
here, WNost of the work done before 1939 on use of hydrogen per-
oxide in treating barley for malting purpocas has been summarized
by Raux (147). A more recent study by Bawden (148) indicated
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that small concentrationa of hydrogen peroxide in the steep
were much more effective in stimulating germination than were
plant-hormones. The use of peroxygen chemicals in seed treat-

ments has been discussed in a recent industrial bulletin which
1ncludes 17 literature references on the subject (149).

- The application of hydrogen peroxlde or- eﬁrtain other
vxidizing agents to the soll is reported to improve the yields
of corn and soybeans (150) or the growth of seedlings (151)
The reason for the. effect is uncertain. It has been- suggested '''' o

S (151) ‘that the oxidizing agent haatenes daoompoaition -of the -

organic material in the soil; alternately it may directly

affect the seed as indicated. above. Another poseibility is that
- reaction or hydrogen percxide. with 1nqrgan10 8011l componenta may

leave -them- 1n —more. raadily—assimi1able—farmr%@ueohanxoal actien;+~~-«sr~~—w

due tp tha oxygen evolution on. deoompaaitlan, may alao 1mnrove
the soil,. 1eav1ng 1tmmore porous.. This agtion baacmea‘mnre pra-
nounced ase the conuentration of hydrogen peroxide is raised

When 90% hydrogen peroxide s poured on earth the d%oomponition o
13 qulfe vlgorouu and after decompositlon leaves the surrace

layer of the soll powdery and increased in apparent volume and,
even with wet goil, dry as a result of the heat evolved.

Preparation and Preservation of Food and Drink

It hae been attenpted cr proposed to use hydrogen per-
oxide in the preparation or preservation of a number of foodstuffs
and potables, slthough only a féw or these uses have received
common acceptance. Procedures have been desoribed for the preser-
vation, by the addivion of amall proportions of hydrogen peroxide,
of milk and other dairy producte (discussed below), fish (152)
(through incorporation of hydrogen peroxide in ice used for pack-
ing), canned bouillon {(153), eggs (1l:4), esake, vinegar, ketchup,
coffee ayrup, bean ourd, vermicelll (155), cocca syrup (156),
lecithin, gelatin. pickles and staroh,

The purification of water by treatment with hydrogen
peroxide has been considered (157). This subjeoct ie reviewed
by Reicihel (158). who concluded on the basis of Lis own experi-
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ments that effective disinfection of water requlres addition of
proportiona of hydrogen peroxide as large as 5 wt., # if disinfection !
- las to be complete within a practical time period. At this con-
centration the taste of the residual hydrogen peroxide is evident
— and it must be destroyed by the addition of a non-objectionable
catalyst. If longer periods of {ime for treatment are- reabibla, -
the disinfection of water may be- accompllshed with less hydrogen .
peroxide, e.g., O. 5% suffices-in a 2b<hour period. ‘Hydrogen S ]
L pﬂroxide may also be used to destroy the taste of chlorine in '" ﬁ .
R water treated by conventional methode.f,Sterillzation of oon= - —

~ tainers, pipes, filters, eto., used in the food 1nduatry'1a‘* o _fii :
ST orten acoomp11ehed with hydrogen pproxlde..;z‘ R W7 w - -

R - ', . The bacterieidal and rungioidal aotion or hydrogen pernr o

"Lﬁﬁm’ﬂ"dzi;de Fad baéﬁ‘spplled t6 food in- tﬁe\urqposai’Impro?ﬁ“@ﬁf”ﬁr?i

.

: and vegetables ‘160) (a parallel or perhaps 1denticnl 1n bauio
e leohanism,fprocedure for the -spraying of tomatoes wlth perozym
- “acetio a0id has been’ axtensxvely developed (161)),, Undesired

of hydrogan parox&de (162)

. Other proposals for the treatmeht of foods with hy- .
- drogen peroxide, although net concerned with preservative action, - <
~are the uses ae the rising agent in bhaking, desoribed"pruvioualy. :
in a procees for the improvement of wine ana Cognan (16%) {matur-
ing 1a hastened, presumably through the conversalon cf fusel oil
to alderydes by reaction with hydrogen peroxide), in the resovery
of sculture media {(16/7), in the removal of bitter principles from
' yeast (165), to stabilize lecithin (166), in a procesa for the
! enhancement of the flavor of edible oils (167), in the modifica-
| tion of edible starches and gums (168), in the improvement of
! the taste of coffee extracts (169), to bleach monosodium gluta-
mate, in bleachlng tripe, gelatin and egg yolk, and in the
bleaching of nute and dried fruits to improve theilr appearance.
Large quantitieg of hydroren peroxide are uged indirectly in the
food industry through the widespread une of benzoyl peroxide for
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_of a_presérvative, two mechanisms of action may be distingujshed:

" the growth of pathogenic or deteriorating organisms. ‘It is -

-? resldual hydrogen peroxide. 81nce the seneitivity, composition, 7
:~4*and hiatory of handllng and treatment may vary 8o widely, even = :'>: =

ffiifﬁfkydrogen‘peroxiﬁe;‘ The evaluation ia further comﬁileatad :ﬁtr““f:i'iiéthﬁ
.-by the fact that the formation of hydrogen peboxlde through A 7 J

‘ or deterloration. It 18 clear that the use of hydrogen peroxide,

~in the propossd uge for the upgrading of apoiled meat. At the

132,

the bleaching of flour. Flour bleaching (oxidation of xantho-
phyll) with benzoyl peroxide is rapid and uniform, but there is
no concurrent maturing effect, i1.e., improvement of baking
qualltyp .- ) . . . e — - P

- Where the proposed action of'hydrogeh peroxide 18 that

the destruction of enzymes whioh are responeible for dsteriorat- | - -
ing changes in compcsiiion, and the eiimination or inhiblition of - o

generally intended that thé dosage be so regulated that the - S
‘mutual-destruction of the added hydrogen peroxide and the par- .. - . -
ticular auustrate in question aoct to eliminate. ‘both, leaving no

[

bl

iferation cfAt&sta, change 1n nutrient value, or‘ﬁﬁfiiolbgiedl ~4¥”1f;”i">31§”ﬁ5
coxgequencea to, be gxpected in any given cage from_ treatmsnt :

autoxidation reactiona in food has been put forward 46 & cause

or any preservative for that matter, cannot be condoned as a sub-
stitute for sanitary handling or adequate proceasing of food, as

other extreme, however, it is not clear whether the employment

of hydrogen peroxide as & preservative offers a desirable and
economical procedure for the foed and beverage induetry. The
proposed use of hydrogen peroxide as a preaservative rfor milk has
received the most widespread consideration. The following, more
detalled, description of thias potentially useful and seriously
advocated use of hydrogen peroxide may serve as u typical example
of the problems to be met in the treatment of food or drink.

The early history of the investigation of hydrcgen per-
oxide as a preservative for milk has oeen reviewed by Amberg (170)
and by Anselmi (171); the procedure was first suggested by Paldy

et v g et i

-
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in 1881, and wae used in France and Germany (172} during the war

of 191), but later banned. Preservation of milk in any other

fashion than by pasteurization and refrigeration 1s now pro-

hibited in many places, but the use 65”%}&£B§€H"§E§b§i&3 for

' - L this purpose was revived in Iua*y dur ng'*he war of 1939, and(,’
much of the recent research in this rield has been that or ’ o

 Italian workers. o : ' 1 - e

_ij - - - e work or “Chiok (173) (1901) has boen widely quotad _
S ~  —and takern as a point of departure in much ‘subsequent works * Chiok -
- ; — ;"7 ‘stated’ ‘that milk could be sterilized compleﬁely by the addlﬁlon 7
5 - of two parts of hydrogen peroxide, expresaed on-a lOO% basie, per
T thouSand parta of milk, Upon addition of thie proportion of hy—
= -drogen peroxide there was. nn Anitial denompoaltion atter#f_‘ﬂr o
t=-tHe suneentration of hydrogen. pearoxide. Temained. nonaﬁag‘i:g; R
,“.loqg tlmefplgihee Ohlokvelalmed to be abl %o detectugh; aitera~ B
‘tibn in tsﬂte or che milk due to mhe praswn
~—drégen peroxlde‘In‘lO oo, she d1d N6t belisve thé procedure eo T
i —— —— be_a practical one; a treatment sufficleny for Bterllizatfbﬁ’>  f
-E would make the milk unpaldtablu. - ifm"f « o

,,,,,

Rosam (174) found twc parts per thousand 1nadequate

‘fi and suggested combining a heat tregtment with hydrogen peroxide
addition. This procedure was elaborated upon by Budde (175) who
dsveloped in Denmark a commercial process ror the addition of
0.9 g/1 of hydrogen peroxide, expresssd on a 100% basia, followed
by heating at 50 C tor several houra; if hydrogen peroxide then
remained in the milk it was destroyed by the additicn of yeast.
Later workers disputed the quantity of hydrogen peroxjde necessary,
various proportions up to 1% being recommended. It wao pointed
out that the effectiveness varied with different samples, that

) "~ the tampernture of treatment and storage, the pH, and the type

i of mlcroorg&niems present in the milk all exerted an intfluence

on the quantity necessary to sterilire the milk and to affect

the taste. It was recognized that as long as hydrogen peroxide |

was present coagulation would not occur, but opinion was divided

ocn the question of whethar the presence ol sufficlent hydrogen !

percxide to suppress sourling was likewise sufficient to kill




pathogenic organlsms. Several acccunts ¢of prolenged feading of
hydrogen peroxide~treated milk were given, all with no untoward
physlologioal effecta,

More reoent 1nveet1gattona havo 1mproved the under-

- stﬁpi;gg;o{ the effects of the addition of hydrogen peroxide
- to milk, - Furthermore, the general availability of electro~

1lytically-produced 30% hydrogen peroxide has eliminated the
éarlier obJeotions to "watering" of the ‘milk and 1ntroduotion
of. unaeolrable metalllc impurities by the use of 3% hydrogen

- perogide from the barium peroxide prooessfa7 [T

. P There 18 now general. agroement that hydrogen peroxide .
added to rav milk 1mmed1ately after mllking, in the proportion :

of about 05 1% by weight (100%. basis), will reduce the. oontenh

o M

*1mﬂrto'an‘aooeptzbly‘lﬁi 13Va1 and villm”
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prevent aouring durang storage at room tempora&uro for severa}
days: This sonolusion L& supported by the work of Hordﬁii’(l?éﬁ
‘(also peported by Dahlen and Orcssley (177)). If the milk is -

kept at a lower temperature, & smaller proportion of hydrogan o ;44f,f,;, )
paroxide suffices to preserve it, as shown by Satta, Morandat .

and Mogg: (178);*or convergely, if tle proportion of hy&wogon -
peroxide 18 ‘not reduced, the milk will keep longer, €.g., 32 = 40 E ,
davs at 5°C aocording to Romani (179). By combining pasteuriza- ¢
tion with hydrogen puroxide treatment, smaller proportions of

hydroger. peroxide are also effestive in poatponing oouxing;

‘Sandars-and Sager (180) found 0.1% by weight sufficient to prevent

the purdling of pasteurized milk containing 2.5% raw milk for 10

to 2; daye in testing the use of hydrogen peroxide to preserve .

milk samples before analysia.

The diminution of the bactsrial count in milk brought
about by the addition of 0.1% hydrogen peroxide was found to be
about 95% by Morandi {(176). Peragallo (quoted in reference 177),
atudying milk artificlally contaminated with b, coll, b. typhiouas,
brucelia melitensis, brucells abortus, and cattle tubercle bacillus,
found the acticn of 0.1% hydrogen peroxide added imredfiately aftsr
milxing to be bactericidal to all but tubercle baoillul in maasure-
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ments over pericds of 12 to 48 houra. If some time elapeed after

milking, before the addltions of hydrogen peroxide, 1ts action

was onhly bacterioatatic, allowing significant regeneration within -
- ——— - the time periode studied. These findinge are substantiated by - - -

Heinemann (181), Rosati {182), Gentilil and Romagnoli (183) and ﬂ%

Monaci (184). f%

e  The effects of the addition of hydrogen peroxide upon
o - the phyeical and chémical propertiee and enzyme and vitamin E

_~ ¢ 7 7 content of milk are shown:in Table 5. Studies of the rate: of
o :;,TL'ﬂ'inoréaae of—acidity after addition of varying amounra ot hydro—

7 ;, b ogen peroxlde and under dlrrerent ‘eonditione of stora@e iand .
;l : :{: ‘“ccntamination have alsc been made by Anselmi,(l?l) and Gaserib
- i' . {quoted in reference 177); these bear out the. earller assertion ] )
. that the milk does not sour appreclably'during the -period over v
. “wnich the. milk*is preserved by the. presehcé'oﬁ‘ﬁ;d:csen.pe:aziﬁchﬁwm wggﬁ
i g:'~mji, “Anselns (171) presents qualitative observations on-the iner!li!ﬂ -

PRI

e
I
5
3

E

!'I R

.. _tendency to frsth and form a film of sgglonerated n matu‘iil on’ .
the walls of contalrers, -

7 The effect ot hydrogen paroxida on thc organolaptio ﬁ_ fé T
cE properties of milk is pronounced but not lasting. ~Nearly ;;;_&w“*v
Es : who have worked on this subject agree that both smell and tactii
. are too seriously impaired when effective concentrations of .
hydrogen peroxide are used, if the residual hydrogen peroxide 1y
not decomposed before consumption of the milk, It s for this i
reaaon that the various proposals for the use of hydrogen peroxide
have included a heat treatment, catalyst additlion, or a holding
periocd, or have recommended that its use be confined to preeorvaEL
tion during the time between milking and pasteurization. This
may not he a disadvantage, however, since several recent patenté
{(192) streee the fact that complete steriliration is possibls
with hydrogen peroxide treaiment followed by heating, whereas.

in order to eterilize by pasteurization alone, milk must be
heated %o such high temperatures or for such prolonged periods
that the tast®e and phyeslcal properties are affected adveraely.

PRSI Y 1)

O

Two effecte of hydrogen peroxide upon the taste of

i o—— 1 S o —
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milk can be distinguished. The first ie simply that of impart-
ing, at sufficient concentration, a taste characteristic of hy-
drogen peroxlde, which has been described as "metallic.® The
‘second effect is more complicated: hydrogen perocxide enters

into and alters the course of the reactions which may normally
bring about a change in the flavor of milk, On storage, untreated
milk may gradually develop an oxidized or "tallowy" flavor, stated

~ by Krukoveky and Guthrie (193) to be due to the oxidation of un~

saturated fatty acids, primarily oleic acid, in the lipid fraction
of milk. The phospholipic present in the membrane of the fat.

globules is thought- to be most susoeptible to— oxida*lan (194)
- although- Pont (195)- doubta that the phospholipid 1s the source
of the rlavor. '

=i .. (Greenbank (188) found that the- errect of the addition

of‘hydragen peroxi&e uﬁﬁﬁ'fﬁa GGVUlcpﬁﬁﬁt”Br an BII&II!E“YIIVU T

44; ﬂ.varied f?am prometion o &nnibittan &8- the‘prupurttcn of h:&rogtn

peroxlde was varied from 0 001 to 0,016 wt. - % and belIeveﬁ'that
_the ohange in oxidatlon-reduction patential aecounted for the

inhibiting effect. EKrukovsky and Guthrie (193) placed the limit
~of the inhibiting effect lewur,” at somewhat lessfthano 001 LATN

and - observed the development of the oxidized flavor after varylng” '

times in milk containing less than this proportion of hydrogen
peroxide. This action is explained by Krukovsky and Guthrie

to be due to the oxidation of ascorbic acid to qehydroaeecrbio
acid, They believe the 1lipid oxidation to be a coupled reaction
dependent upon a certaln equilibrium between ascorblc acid and
dehydroascorbic acid and posaibly catalytically initiated,

The rate of oxidatlon of agcorbic acid by hydrogen
peroxide 1s lnversely proportional td the hydrogen peroxide
soncentration, due to inactivation of the enzyme (hbelieved dy
Erukoveky (196) to be peroxidase) oatalyzing the oxidation. Thus
at low concentTations of hydrogen peroxide, oxidation of ascorbic
acid 1s rapid enough to set up a favorable ratioc of ascorbic acid
and dehydroascorbic auvid for the 1lipid oxidation. At higher con-
centrations of hydrogen peroxide the rate of ascorbic acld oxida-
tion is slower than the subaseguent destruction of the labile and

i Bk Hiiilaiimi&s "
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sonsitive dehydroascorbic acid, and a ratio of these favorable
to 1ipid oxidation is not achleved before thes complete oxidaticn

- -of the-ascorbic-acid; thus-inhibiting development of the cxldized

Tlavor. - -

" Other factors enter into this complicated process, vhighl
is reviewed by Ghiison, Martin ahd Parrish (197) and by Greenbank o
(198) As a practical progedure for the deferment of oxidized .
flavor in fréozen milk, Bell and Mucha (191) found addition of
hydrogen peroxide to be sffective but less satisractory than -
rortifioaﬁion of the milk with aeoorbic acld, whioh. in 1noreased

o proportion is preferentially oxidized prolonging the time berore 7:.,3,

_ 1ipid oxidation,

;”___h_ﬂ__h_In_chnlusiun, it appngrs<ihat_tha_nsgépr hydrognnﬁamm;m_Lmﬁﬁ1m

rscommena it-as a rtﬁl&coment for- pastcurtzacton. ‘Hr&rogen per—
oxrae‘treatmentﬁis apparently harmless rrnm 8 physiological

= standpoint and daoes not serioualy alter the nutrient value ‘of

mllk, ‘but since: the treatment seems not amenabla to close stand-
ardization —and ia ‘powerful enough to oonceal unganitary handling
it would be necesdary to carry it out under competent technical
supervision. As an emergency measure, in backward areas, or 1in
military operatione, preservation of milk with hydrogen peroxide
may merit use; even in these cases it would seem prererable ho
pomblne the treatment with a heat hreatmont of some kinu.

USE IN CHEMICAL SYHTHEBIB

Hydrogen peroxide finds considerable applicatlion as
the starting material for the preparation of moat peroxy com-
pounds and as an oxidant in organlc synthesls.

The inorganic peroxy compounds are considered in Ghap-
ter 12 in which the methods of preparation are also indlcated.
The only compounds of thie group which are not produced industrially
via hydrogen peroxide are eosdium peroxide, which 18 manufactured by
burning sodium in alr; barium peroxide, which is produced by per-
ox .datlion of barium oxide in air, and potassium and other peéroxy-

-
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_hydrogenfperoxide (or 8 peroxyacid) are deecribed in Chapter 7.

139 -
disulfates, which are manufactured directly from ammonium peroxy-
disulfates or peroxydisulfuric acid formed as an intermediate
in the electrolytic methods for manufasture of hydrogen peroxide.

"Sodium pérborate may also be prodiuced eléctrolytically from T

borax, but it 1s more commonly manufactured from a mixiure of
borax plus hydrogen peroxide and/or sodium peroxide.

" _ Organic hydroperoxides may be produced directly by
oxidation of hydrocarbong.-or other organic compounds with air,
but a variety of by products. may be. formed and 1ndna1r1al

practioce “therefore usually favors the synthesis via- hydrogan S

peroxidd or another peroxy oompound h _f ) o

. ﬁ The variouq types of organic reactions involving

an apoxy derivative (: BAL_ésam) of a glysol -

- In addition to formation,vr ofEhﬁlb‘pUFﬁXYﬁEﬁﬁUﬁﬁEﬁ, thiess. r!—¥:;f1ti7
’acnxons 1nclude (1) reaction with an unsatur ted bo 4 %o form- -

ous oxidation reactions such as oxidation or a substltuted
naphthalene to the corresponding quinone and (3) ring splitting -
reactions such ae conversion of- phenol to muconic acid. Short
reviews of some applications of hydrogen peroxide to organic
syntresie are given hy Johnson {199) and Friess (200),

A dilscusnion of the industrial applicationa of organic
peroxy ocompounds and of organic proceeseés using peroxy compounds
other than hydrogen peroxide is beyond the scope of this book,
Some wmpoxy compounds are used directly, such &8 disldrin, a
recently developed insecticide. Other epoxy compounds are used
for production of resina and surface active materials or as inter.
mediates in organic syntheais. For example, in the ayntheais of
sortisone the 17-hydroxy group may be introduced by forming an
epoxy intermediate followed by reduction to the hydroxy group.
Exampler of applicationa of organic hydroperoxides are their
use as polymerization initiators and as Dissel fuel additives
to increase the cetane number.

|
{
|
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CHAPTER TWELVE
INORGANIC PEROXY COMPOUNDS

CLABSIFICATION OF PEROXY COMPOUNDS

A large number of inorganic derivativee of hydrogen
peroxide"are known, including the peroxides of metals and non-
metals, peroxy acide and peroxy salta, all of which contain
oxygen in a so-called active or easily available form. The
peroxides and peroxy acids may be visualizedfas.derlvéd from

a parent ocompound, H 02, ‘by replacement of one or both:cf the -
hydrogen atuma—by'metal atoms’ or by acrd radicals. Thus, re~

placement cf the first hydrogen by a eodium atom yielda Hﬂ*D-O-H:
(sodium hydroperoxide, a substance which is:thermally cather un--

stable); and replacoment of both hydregena yields Ra-0-O-Na, or

- the common peroxide of sedium, Likewise, the substitution of
- one or both hydrogens by the sulfonio acid radical, -BOBH; yields

peroxymonosul:urio acid, 3803~0-Oﬂ, and peroxydlaulrurlo acid,
HSOB-O"O"BOBHQ :

It 18 to be recalled thet true peroxides must contain
the -0-0- linkage tc establish their relationship to hydrogen
peroxide, and that varioue oxides have been called peroxides
which are not in a strlot senss peroxides at all, laoking the
bridged oxygen structure. Thus, silver forms ths common oxids,
Agzo, and also a black compound, AgO, which many vider reference

bocks 1igt ha "ailver peroxide," frequently doubling the formula,

a8 Agzoz. in order to imply a cloeer relationship to hydrogen
peroxide. However, ithis tompound has bean shown 50 oontain
dlvalent ajllver and ia not directly derived from hydrogen perox-
ide, ntivr does it yleld hydrogen peroxide when treated with an
acid. Lead dioxlde and manganese dioxide alao may be found in-
correctly referred to as peroxides. With dilute hydrochloric
acld thene compounds ylold chlorine, rather than hydrogen per-
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oxide, which would be expected %o be formed from a true peroxide,*
The lead and manganese ntoms are both tcetravalent in these com-
pounda, not divalent, as would be the case if they possessed

the peroxlde structure.

Therefore, to be properly classed as . a metal per-
oxlde, the substance concerned muat be related to hydrogen per-
oxide not only in ita composition, as, tor example, a salt 1is
related to its parent acid, but also in itg structure, with the
-0-0~ grouping present.- In the case of metal peroxides the 05
ion %8s present, which hag an electronic conriguration such as ' I

[:6:8:]%; in contrast, Ag0, Pb0,, or MnO,, all have the simple, :
doubly- ohnrcad[o] 1on, [Q] s in their sfruoturea.- :

In addition to theas iong. there 1e‘alao the uperoxid
Ni-;trongly electro- I
“hositive matals,: such-as Nao xéz andqﬁaﬂn_rlrhn elsotronie adn~. o
figuration of this xon.xa,beiiavad to be represanted best by

Ed* “o] (1). fThe parent éma relateé. to’ tl:;eea sompounds, HO,,
had8 not been isolated. )

.;! “

_ Althqugh, strictly speaking, superoxidee belong to a
separate eclass of compounds, }t 18 useful to eonsider them in a
dlscuasion of peroxides, because of the similarity existing be-
tween the modes of formation and the resusctions of the two types
of compounds. Further detalls osoncerning the distinotlve charac-
terlistiocs of tho superoxides will be given below.

Electron diffraction measurements {2) oarried ocut on
the vapors of hydrogen pcroxide lead to the conclusion that in
the Hz°z molecule the interatomioc distance of the -0-0- grouping
is 1.47 *+ 0,02 R, (see also Chapter 5). Oorresponding data for
eryetalline hydrogen peroxide (3) lead to a closely simllar value.
The change in the character of the -0-0-- grouping on going from
hydrogen peroxide to other peroxy compounds is ohlefly in iis

~ e v o W e e mA me  wm e - e a e em e te e ea wm m m  ms m

* This teest for the preaenoe ox the -0-0- grouping must be used
with some caution; as, for example, the reaction of gongentrated
hydrochloric acid with barium peroxide ylelds aome chlorine.
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degree of electronegativity, or the degree to which it may be
epoken of as ionic; the -0-0- bond itself appears to remailn
essentially unchanged. In metal peroxides, such as Bao2 or
8r0 pr OF in other peroxy compounds, the -0-0- distance found
18 apparently not appreciably different from that in hydrogen
peroxide (although some earlier measurements (4, 5) led to lower
values). Measurements on such peroxides ae barium peroxide (6),
ammonium and ceeium peroxydisulfate (7), dimethyl peroxide (8),
and dibenzoyl peroxide (9) buttress this conclusion.

In the superoxide ion, with one three-elestron bond,
the -0-0- distance becomes 1.29 K (10); and in the oxygen mole-
cule,owlth two three-electron bbnda, the ~0-0-~ dgetanoe is -
1.21 A (11). 1In ozone, the bond distancs, 1.28 A, is much the
same as that in the superoxide lon (12), These changea are due

to the ALfferences—in- the=0=0=—bondangr—— ~~ ~ * oo

Substitution or. the hydrogens of hydrogon peroxide by
metal atoma or ao1d radioala may well lead to a conaiderable
change in the OOR anglie and the azimuthal angle between the -OR
groups, In the essentially ionic metal perox:des these angles,
of couree. are not concerned.

As 1nd1cated above, inasmuch as hydrogen peroxide has
two raplaceable hydrogens, it may funoction as a dibasioc aocid,
and therefore may give rise to an intermediate type of compound,
a hydroperoxide, suoh as Na-0-O-H, in which only one of the hy-
drogens haas been replaced by a metal, as in an "acid salt.®

In addition, some evidence exists indicating that the
heavier and bulkier alkall metals, especlally rubidium and cemium,
may form peroxides of the type HZOB' whish would lis between the
M0, and MO, types of compounds {13). They may, indeed, actually
represent combinations of superoxides and peroxides.

Formation ¢f a peroxide by an element, with a conas.
quent increase In the propertion of oxygen above that shown by
the normal oxides of the element., does nt¢t imply an increase
in the oxidation atate of the elem:nt above that allowed by ite
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group position 1n the perlodic classificatien, Thua, in the
peroxide, T103-2H20, the oxidation number of the titanium isas
8t1ll4 k4, a8 it ie in Tioz. Again, in the case of a chromium
peroxids, Gros, it has been considered that in addltiof to two
percxy groups, 05, there le also present an ordinary 0;6atom,
so that the oxldation number of chromium remains at Cr -, Juat
am it is in Cros. The authenticity of this peroxy compound
however, 1s not free from doubt.

Tables 1 and 2 1list the known peroxides and supsroxides
of the elemente according to the group position of the elements
in the Periodic Table.

TABLE 1

°__INORGANIO PEROXIDES =~ T
{INCLUDING BUPEROXIDES) _

Group I~ . kGroup‘II _ ,
| a b _a | b
H,0,; (xoz)'» '
L1,0, /
Na,0,; NaO, (M0, * xH,0)
K,0,; (K,0.);
2V2) ‘RaY4li (Ou0,*H,0) Ca0,; (Ca0,) (2no.,)
RO,; (KO,)* 272 2 Tk 2’
Rb,0,; (szoa)i
RbO,
€8,0,; (08,0,); 8r0.; (8r0,) (Ca0.)
2 I 2
Oloz i
(NH,) 50, { Ba0,; (Bao,) (Hg,0,); (Bgoy,)

- e Em S e W e e M A Em W @ E WR MR E e W B A e e an Sm 4m wm m G BN em v Wm

* Compounda in parentheses have not as yet been iesolated in a pure
state. The Table does not include the hydroperoxides, such as

NaOOH, which, as above indiated, represents a type of compound in-
termedlats between H202 and Nazoz. The compound KOB’ raported by

Whaley and Kleinberg (14) ae resulting from the reaoction of ozone

~

with KOH, may poselbhly contaln the ion 03 and thuse represent a state
¢f oxidation above the auprroxide,
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The outstanding importance of the compounds of the
alkall and alkallne sarth metals has suggested thelr presentation
geparately in Table 1. The incomplets character of much of our
knowledge concerning the peroxides of other elements is clearly
indicated in Table 2. In this latter Table the existence of
peroxy acids of various elementg or their salts, in Groups III
to VI, of which as yst no peroxidee have been isolated, is in-
dicated by an asterisk, as in C*,

In oconnection with the unsatisfactory nature of the
status of numerous peroxides, ss ie olearly evident from a

glance at the tables, 1t is of interest to note that Halesinsky (15)

oconcluded that, with few exceptions, elaments, the slegtronega-
tivities of which were not greater than 2,1 (the value assigned
to hydrogen), are capable of rorming peroxidized oompounds.

" Exceptions inoluded such slements_a#s carban, nitrcgen, sulfur -

and- meroury. If valid, the applicatlion of -such & rule would .
enable ane’ to distinguish between genuine and spurioua peroxy
0umpounda. : ~ -

/’ In the case of a number of hydrated parokyacids and
their salts doubt has existed as to the mode or linkage of the
peroxide grouping in these oompounds, whether a pure peroxy-
a0id, with characteristic -0-0-H linkages, is present, together
with hydrate water moleculeg, or whether the stracture is that
of a normal oxyacid with *hydrogen peroxide of hydroperoxidation®
or, in the solid state, "hydrogen peroxide of orystallization,®
Thus nodjum oarbonate forms addition eompounds with hydrogen
peroxide, referred to more fully below, one of which approximates
in composition the formula, 2Na2003'3ﬁzoz(13, 16, 1?7). This sub-
stance i8 a white powder, which 18 qQuite stable under ordinary
conditione. When protected from atmospheric moisture it aurreia
a lose of active oxygen content at room temperature. 8Such com-
pounds are not strictly apeaking salts of true peroxyacids, suoh
ag are represented by the formulae of hydrated peroxyzirconic or
peroxytitanic acids, HZZrOu.HZO or HzTiou-Hzo.* It is apparent

- wm W e W s W W o M M wn m e e M e M an ey Em A e W em WA = mm @B ms @

* The suppogsed peroxymclids of elllcon, germanium and thorium are
likewisne in thie category.

i

il

¢

I

'

6

il




158,

TAELE 2
INORGANIC PLROXIDES

S R T O L i o

II1I iv \/
a a b a B.
B¢ a® (NO3)
(¥,07)
g8y # Pe
T10,. 2H,0 Ve
(Lay0g- ni,0) {(8n05°nH,0)
‘ or + HfO4e 2H,0 o Ta#
Thoy - 2H,0
I viI o VIII
a & ) ' R
0
(07)
(80,,) (clou)2
<cr05) (reozx(rezos)
Se® (Oooz-xHZO)
‘(3102-2320)
Mo®
U0, * 2H,0 '

& Elements fora peroxyacids, but peroxides not 1solated,

t Of the rare eartha, Ce gives Ce0

hydrous compounds similar to thoae of' La.
A Also KpO,:.4R,0, Pu0,.xH,0,

2H,0; N, Pr, 8m give

.
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vhat the sltuation is complicated further by the fact that many
compounds contalning asscclated "hydrogen peroxlde of crystallli:za-~
tion® may also be hydrated. In the case of L12 2 202-3H20,
formed from the hydrcxide and alcoholic hydrogen peroxide, we
find a true metal peroxide cryestallizing with three moleculéu.or
hydrate water as well as hydrogen peroxide of crystallization.
Slmilarly, the so~called "sodium perborate" of commerce is com-
monly repreeented as NaBO 3H 0 (18). Further detalls con-
cerning ite preparatlon and applioationa sre given below. Buch
addition compounds of hydrogen peroxide ocontaining also hydrate
water may be called hydrated hydroperoxidates. '

Stable, true peroxy compounds, such as potaealum peroxy-
disulfate, K °8’ when added to'a notnsaium 1od1de ‘solution at

VpH 7.5 to 8. 0 will liberate icdine, but no oxygen is evolved.
" On the other hand, the addition type of conipound, ‘oontaining T T
~hydrogen peroxida of orystallizatien, end unstable: peroxy eom-

pound e oontaining groupings uhioh are eas‘ly hydrolyzed to form

“hydrogen peroxide and the normal oxyaoclid: =0-0H + Hzo-a'EOH + K 02,7

will not liberate ilodine under these oconditione, but instead the.
hydrogen peroxide raleaeed decomposes with evolution of oxygen.
Theae Tacte have been utilized in a propéeed test (19) for a
true peroxy compound, as dietinguiehed from the addition type of
compaund. The validity of this test, sometimes referred to as
the Riesenfeld-~Liebhafaky test, hae been called into question
recently by Partington {20)., It woula appear probable that the
result of thir test may he relied upon when iodine is liberated;
but that: ir the teet is pegative-~1f oxygen, but no iodine, 1is
set free--we are left in doubt whether an easlly hydrolyzable

~ peroxy oompound or hydrogen peroxide of oryatallization ie respon-

slble for the observed result,

Other examples of compounds containing hydrogeﬁ per-
oxide of orystallization, either in the anhydrous or hydrated
etate, include such compounde as: Na,80,.H,0,:9H,0; KF.H,0,, (21);
(Hnu)zsou-ﬂaoz(zz); N52$103-2H202-3H20 {23); and numerous others.
The suthenticity of eome of these compounds must be considered
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w& not above question, resting in general upon the reasults of
annlyele of enlida Arvatgliized from mixtures of hydrogen per-
oxide with solutione of the respeciive salts. These substances
in general are white, free-flowing solids, which have a moder-
ate degree of solubllity in water, the soluticns glving the
reactions of hydrogen peroxide. The fact that true peroxysalts
may exist, as well as the respeotive hydrogen peroxlde addition

~oompounds, 1a indicated by the report that true peroxyborates

may be isolated, which are very stable at room temperature (24).#

'PREPARATION OF INORGANIC PEROXIDEB AND SUPEROXIDES
General Methodb 8 _losding to Peroxide Formation

The prooedure best suited to the preparation of s

- ... partloular ) metal. peroxide or superoxids is in general selected . _
B ) orie of thrue methods: — (1) haattng the‘matal“or tﬁn’oxt&i“*”“—"“”““* -
'1n-o:ygan or air, (2) oxidatioen in liguid ammonla, (3) rhactiong '

of oompounds of the metal with hydrogen peroxide, usually in the
presence of added alkali. In the first of these methods ths
metal may be heated in an excess of oxygen or ailr to the requiaite
temperature, By thia method sodium is oconverted in two stagau and
95¢ yield to the pale-yellow peroxide, Na,0,, when the mstal ie
neated at about 300°C in dry air. .The hydroperoxide, NaOOH, or
ite hydroperoxidate, NaOOH:0,5§ Hz°z’ is formed from an ice-cold
alocholiec solution of Nazoz by addition of ooncentrated mineral
acids. Of the other alkalli metals under similar cliroumstances
l4¢thium gives the normal oxide, Lizo, a white solid, with only
traces of the peroxids, whereus potassium, rubidium and cesium
yleld»euperoxidea--xoz, orange-yellow; Rbo2 and Gaoz, variousaly
deaoribed as reddish yellow and dark brown.

- In Group II, no peroxide of beryllium has been definitely

® An addition product of hydrogen peroxide and a borate, together
with sodium sllicate 18 imarketed under the name *sodium perbor
si1llcate® (25). It has excelleni storage characteristice when in
contaclt with oatalytically inactive materials. It is found
valuable as a combined detergent, bleaching and cleanaing sgent,
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established; and of the alkaline-earth family of metale only
strontium and barium yield peroxides when the metal 18 heated

in oxygen at atmoepheric pressure, as Ga02 and Mg02 are thermo-
dynamiocally unstable under these conditicns. Strontium combines
incompletely with oxygen to form a peroxide at 500°C under
pressures of the order of 100 to 150 atm (26).%

Under pressures of 200 - 250 atm and temperatures of
350 - 400° the reversibility of the reaction

.

28r0 + 0, = 28Br0, (1)

has been demonstrated (27). The reversibility of the reaction
of barium oxide with oxygen: '

2Ba0 — 0, -.;—- 2Ba0, -»(__z),

"":""§;E'ﬁf§;§§""ou§ at 500 - 550°C, was formerly applied to ‘the separa-

tioh of oxygen from thé nitrouen of the air (Brin process), the
sontrol of the direction of the reaction baing maintained by ad-
Justnent of the pressure of the gas 1n contaot with the solid

- at this temperature. S ’

i

A second general method by whioh peroxides of shé!alkall
and alkaline-earth metals have been prepared differs from the
first method in that the oxidation of these métals is effected
in 1iquid ammonia solution (about -33°C or lower). Thus, a solu=-
‘tion of metallio sodium in 11qu1d ammonia is oonverted by oxygen
into the peroxide, Nazoz; and of the other alkali metaln, potas-
sium, rubidium and cesium similarly form percxides as the first
step leading to the superoxides. However, lithium and, among

- ww m O By e s AR s o Mm  em = mm e e M o a4, W e e = e M @ M E a e -

€ The dissociation pressure of Sr0, reaches 760 mm at 357°.

It 1ea of interest to note that, al%houﬁh golid etrontium oxide
doea nnt take on additional oxygen at 400  anf 100 atum pressure
to more than about 15% of the amount theore%ically required for
complete conversion to peroxide, if a solution of atrontia in
fused caustic alkall 18 employed and oxyrsn passed into it, the
peroxilde may be formed practically completely. Leaohing of the
cooled mels with alcohol dissnlvee the cauetic alkali, leaving
8lightly eoluble strontium peroxlda.
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" complete conversion. The small size of the lithium and beryllium

'
[ )

“he zlkaline-ecarth metals, calcium and magnesium, as well as
beryllium, either fall to react in this manner or undergo in-

atoma doubtless contributes to their lnablility to form the cor-
responding metal peroxides under these conditions.

When a current of dry ammonia gae is passed into a cold
solution of 98% hydrogen peroxide in absolute ether,® & crystal-
line hydropérbxide, NHQOOH, firast separates at -1o°c, then re-~
dissolves as more ammonla 1& provided and ammonium peroxide,
(NHu)zoz, a colorless oll, freezing at about ~-40°¢C, 18 formed.

Peroxidea of some metals which are not formed under

ordinary conditions by the direct action of oxygen on the metal
(e.E., 14thium peroxide) may be prepared in a third method by the
addition of 30% hydrogen peroxide to conoen*rated aqueous solu-
tions containing the metal.ion. Solid Ltzo R;03+3H,0 1a obtainsd-
when 304 hydrogen peroxide is added to a conosntrated solution of - S
lithium hydroxide, followed by the addition of alpphol. The an- é
hydrous peroxide, Lizoz, can b2 obtained from the hydropercxidate :
by drying over phosphorus pentoxide in vacuo. Beryllium peroxide,
however; 18 not obtainakle by this procedure and magnesium ylelds

a product containing a mixture of scme peroxide with sonsiderable
hydroxlde. The other alkaline-earth metals give hydrated com-
pounds, such aeg cao aazo Sro 8320 or Haoz BHZ , of unknown

h:ni 4

R Ei 1

orystal structures, which on dehydration yleld the anhydrous '
compounds. :

Bome confusion exists in the literature oonoerning the
exiatence of the intermedlate type of oxide, H 10 r M ZO .
such as X, 03. Rb 207 or Baoj, presumed to be rorned either when
the supsroxide is heated or by the actlion of oxygen on liguid
ammonia solutiona of the reepective metals. In the latter caase
the oxidation of the metal, such as potaseium, is considersd to

- am mE am em e s W mm s e my  Mm R m M MR Wm e W W wWe W MR @ A GA M 4w ma a

# As the mixture or 98% hydrogen peroxide in ether may be ex-~
ploaive under some ciroumatances, this procedure ie attended
with eome danger.
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pass through the stages represented by the formulae: KZOZ’
K203 and X0,. Joannis (28) oxidized a solution of metallic
potassium in liquid ammonia by passing a stream of oxygen

through the golutionuntil the precipltate formud asaumed a

definite, brick-red color, and before the change to yellow (KOZ)

had occurred. De Fororand (29) heated the superoxide, xoz, at

480° under 1 mm pressure and claimed that a product corresponding
to pure x203 was obtained thereby. Jaubert (30) claimed to have
prepared the same substance by a controlled, slow oxidation of an

_alloy of potassium with lead, tin, or sodium, gently warmed as

air was gradually admitted, The olaim to ohemical individuality

-of these intermediate oxides is not too well founded, however,

and 1%t 18 very probable that they may represent mersly mixtures
of the superoxldes and peroxides; although some authors prafer

pasitiona, indicated by such a formula as n_zmzozaboa_ X-ray
gtudiesion the rubidium and cesium compounds led to the rormu-
lation Rb)0¢ and 0o 0t for these substances (31). In the ab-
gence of any evidence of the-sxistence of an O ion in such
aubstances{ the "sesquioxide" formulae must be regarded as of
doubtrul signifiocance.

Pgegaratlon of Superoxideg

As indicated above, the reaction of metallic potassium,
rubidium, or ceslum, heated with oxygen at ordinary pressure,
or fused with potassium nitrate, leads in a vigorous mannerpn
directly to the superoxides, such as KO,; whereas the oxidation
of sodium nermally atops at the nperoxide atags, Nazoz. The super-
oxidea of potassium, rubidium and cesium are aleo obtained in a
quite pure condition by the rapid oxidation of solutione of the
metals in liquid ammonia.

Although early writers refer to potassium superoxide
as if 1t were dimeric, as in K,0, (28), thia formulation is not
borne out by the x-ray study of the smolid compounds. It has
been shown conclusively that in the potassium compsund the crystal
18 composed of an array of X¥ and OE ions in a fece-centered

" ""%o 166K upon_them as possessing definite stolchlometrical com- . .
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Lattlice of the calcium carbide type. The cryastal structure of
KOZ, like that of GaC,, may be regarded ae derived from the rock-
salt type of structure by replacement of the C1l 4ion by the 02,
or c; ion, respectively. In order to accommodate thia replace-
ment of 0; for C1 & lowering of the symmetry of the crystal to
-the tetragonal system beoomes necessary. The compound 1s para-
magnetic; the magnetic moment of 2 Bohr magnetons corresponds
to a structure with one unpalred electiron, as is indicated in

- 41te elsoctronlc formula. This evidence likewise serves to refute

the dimerie rormulatxon, KZO“

7 In the reaction producte of 30% hydrogen peroxide
"acting upon the hydrated peroxidee of barium and oalolum. the
'preeenee or 8 to 94 of the superoxides of these metals has been
reported, but the - completely pure oompounde, caok on Baob, -

" probably have not yet been 4 golated - Recent work by Beheehter
and xleinbarg gs,gg. (32) bas indieated that sodium AlSo is
capable of rorming with oxygen a superoxide, Naoz, at & tempera-
ture of approx:mately ~?? C in liquld ammonia sclution, - The
compound reverts to the peroxide and oxygen when the tempera-
ture 18 allowsd to rise., As yet no superoxide of lithium haas
been isolated, although evidence has been offersd of its forma-
tion at temperaturee well below the boliling polnt of liquid
ammonia, ~33°C (33).

The superoxidee are dlstinguished from the correspond-
ing peroxides by the readiness with which they liberate oxygen
when added %o ice-sold water; under similar sonditions the per-
oxides in general do not reant in this way without the presence
of a catalyst, Heating a dry superoxide, such as xoz, doe : not
cause appreciable lcee of oxygen up to the melting point--in
this case approximately 300°C. ‘This Aegree of atability, of
course, 1s not shared by Naoz, which is prevumshly stable only
at low temperatures,

The vigorous rerction of potassium superoxide with
water, liberating oxygen, has been utilized in ths construcilon
of gar masks smployed in fire-flghting or rescue work, in which

[
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Lhe moisture and carbon dioxlde in the exhaled btreath of the
wearer of the mask. reacting wlth the superoxide contalned in
the ocanister of the gas mask. releases a supply of cxygen suf-
Tiolent for the weaver'!s need and converts the carbon dloxide
into potassium carbonate. - In this way ths mesk may operate as

in a closed system. entirely independent of the surrounding
atmoesphere,

Just as all metal peroxides are considsered as salts
of the parent acid, H202,>so the superoxides may be referred
to as salte of an unstable acld, Hoz’ which when relewused,
spontanecusly decomposés into hydrogen peroxide and oxygen:

zrm2 ~» Hy0, 1 oq ' (3)

It is aleo probable that the reaction of ozone upon s0lid potas-

-alum hydroxide, whlich results.-in = va11nwish»bmown sol&d ooaﬁina,v,,
'18 dne fo th@“rbr @ation o7~ pouassxdm euperoxldo ) B

—_—— FEUEN

O+ 2KOH —> ZKOQ, + H0 (&)

A rather surprisingly violent reaction betweén potas~
slum superoxide and metallic potassium has been described by '
Gilbert (34). A crust of the oxides of potassium, l/h" w1 /20
thick, formed by the gradual astiocn of abmoﬂphevlc cXygen upon
stored bares of the metal, when brought forcibhly into intimate
contact with tho underlying metal (presumably beneath a layer
of the monoxide, which normally acts as an inaulator) resulted
in a violent explosion, which was interpreied as being dus to
interaction of the metal and the superoxide c¢ontained in the
outer layer. This behaviur s not duplicated hy sodlum, whish
on eslow oxidation by gradual accese of air forms no superoxide,
but mainiy the monﬁxide.

In a commercial pDreparatiosn of votasal um superoxide
the molten metal s sprayudl into a cheaber containing a mixture
of oxyge: end nitrogen (13 to 35% C,) unde: conditicna such
that the broduct s rapidly sulldeIed as n lyght powder. Fur-
ther detalle concerntyr Lhe properties of tiids rcompound are glven

velow
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A wide variation in thermal stabllity 1s shown by
Lhe metal peroxldes, ranging Irom the relaitively ver  stable
compounds of the alkall metals, through the alkaline earth
peroxides ard zine and cadmium peroxides to the relatively
unstable compounds of copper and mercury, this order following
the deorease in electropoesltive character of the constituent
metels. Detalls concerning the individual compounds are
given below. o

Considering the properties and applications of in-
dividual metal paroxides, in the following acocount these oom—
pounds are list%ed in the order of thelr location in the
Periocdic Table,

PEROXY COMPOUNDS OF GROUP I

oo the alkall metals the peroxide of sodlum and the - SR

"auperoxida or potaaelum are the only compoundn of praotloal
importance. :

Sodium Peroxlda

Nazoa, the commonest and baat known of the netal per-
oxldea, usually prepared by tha astion of 4ry, carbon. dioxide-rrea
alr, or oxygen, upon metallic sodium, best at 300 - 400‘0, is com-
meroially avallabhle as a yellowish-white powder with a content
of 90 - 95% Na,0.. The oxidation may be conducted either in a
continuous mannsr, in which sodium metal is heated as it is
brought into an atmosphere progressively richer in oxygen, or
in a two-ptep procees, wherein the monoxide is firet formed under
conditions of limited accees of oxygen and low temperature (120 -
200°0), followed subsequently by the conversion of the monoxida to
peroxide in a furnace at 200 - 390°C, in which the powdered monox-
1de is kept in constant motion in an atmosphere of elither pure
oxygen or dry air enriched with oxygen, Utilization of rotary
furnaces iin vlace of conventlonal staticaary kilns in this proocess
has bheen found %o effect a conseideradle sévlng of epace and of
labor. Nantz (35) has recommended a process involving exposure of
sodium oxide to covalically varying preassure of dry air at 350 - ugo°.
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TTwith ilquid water at ordinmary temperature s a vl gbrnun eas, o
result&ng An the Jliberation of oxygen and a strong heating effeot.
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The yellowlsh color of aodium peroxide hes been con-
sldered by some writers tc be due to impuritize, such as iron.
However, on heating, the color of pure sodium peroxide deepens
to a brown; and on cooling the criginal coler is restored, This
behavior resembles that of the oxides of zingc, tin, indium, etc.
When superficially converted to oarbonate, by ocontact Qlth alr,
as may occur when the solld has been allowed to stand some time
in a container which 18 not tightly sealed, the yellow color 1is
accordingly converted to white. Above its melting point (460°0)
deoompositlon with loss of oxygen becomea notioceable and at red
heat progreeeea readily (36). ' ‘

Atmoapheric moisture and carbon dioxide are rapidly
abaorbad by eodium peroxide, with formation of hydroxide anu
oarbonate ranpeatively. The reaction of sclid aodium peroxide

- but 1: 1cm-ﬂﬂ1d wnfnr is used and the golid is added ghadually, .
thesa effects may be 1argely avoidei and the resulting alkaline
solution at room temperature shows the presence of hydrogsn per-
oxide. At higher temperatures the hydrogen peroxide rapldly
decomposes in the preeence of the free alkall.

In its various applications sodium peroxide thus aots
as a convenient asource of hydrogen peroxide when brought into
solution. 1If sodium peroxide is brought at room temperature
into oontact with carbon dioxide-free air, saturated with water
vapoer, or dissolved in about four times ite weight of ice-cold
water, an octahydrate, ano + 8H o, may be ohtained, whioh dopoaits
af8 clear, transparent, tabular cryutals when the aolution is
evaporated. At 30° the hydrate dissclves in ite orystal water;
but at temperatures above 40°C the alkeline solution begins to
denompose. A mono- and a dihydrate ars also known. Vapor prase-
urea of water over sodium peroxide hydrates have been reported
by Busse (37).

The formation of sodium hydroxide and hydrogiean per-
oxide by the hydrolysis of scdium psroxide is the basis of one
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.f the largest uses of thia compound, for bleaching and laundry
1rooses.  Weod pulpa, cetton., linen and wesl, straw, olls, glue
and gelatine, and variocus other materiale may be bleached by
the use of sodium peroxide. Commercial preparations ror such
purposes ﬁaually cantain etabilizers, such as sodium silicate
or magncsium sulfate. The decomposition of hydrogen peroxide,
thus formed, from sodlum peroxide, which is& Tavored hy the
presence of alkall, i also utilized as a convenient source of
small quantitiee of oxygen.

Sodium peroxide has a variecy of usea ags an oxidlzing
agent both in industry and in the analytical laboratory. 1In
the latter, fused sodium. peroxide. elther alone or when mixed
with the proper proportion of sugar charcoal, provides a most
powerful oxidizing fusion reagert, which attacke many refrastory

materials (38). Fusions of this kind are usually carried out in
‘nickel or ai;ver crucibLes~-p;atlnam be\ng rapidly attacked under

moet ordifary condlt*cns. Iron ia somewhat more reststant “butb
aluminum or copper are rapidly attacked by the fuaed peroxide.

Although of itself sodium peroxide is seen to be a
relatively auite atable gubstance below its melting point and is
not subjeet to- exploslve decompotélticon through shock or heating
in a flame, neverthelesa,_mixtufes of the'peroxide with a wide

variety of easily oxidizadble materials, both organi: and inorganio,

lead to some explosive reactions. A mixture of sodium peroxide
with iron filings, aluminum pewdsr, caletum carbide, or sulfur
powder, when molatened with water or concentrated sulfuric aeld,
or when heated atrongly. may tesult in an exploslon; and under
eimilar clrcumstances viciesn%t 9xplosions or reactions with in-
candeacense are shown by a number of orgsanic subetances, such
a8 sugar, glycerine, glacial acetic acld, and ether., Wood,
paper, or aleth may be cauvwed to i1gnit2 by tontact with sodlum
peroxide.

- - P .- .- N o~ e e - PO . . e - T N e

* Rafter (39) has pointed out that, in the absence of easily
oxidizable meteriale. such ea sulfides. and 4f the prelimin-
ary heating 1is cnrr*ed out cautiouatv 8o that the temperature

do~a not exceed 270°C berTore the venction proper rete undev-
way. thecmax‘nun terperaiture Attatinod wii, in peneral nalb o ex-
ceed 5480°C, and ‘mudey theoae cice omerantcess Whe pratinan wiid

nol re attacked.
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Oxidationa of various lower valence c¢ompounds, such
ae chromic and manganous salts, to chromate and manganeee
dloxide respectively, occur readily; and iron powder is con-
verted dlrectly to sodium ferrate, Na Feou Nitric or nitrous
oxides reaot at about 150°C with sodium peroxide to form sodium
nitrite and, in the latter case, free nltrogen.

Organic peroxides and peroxyacids have pazen prepareé
by the interaotion of sodium peroxlde with organlic acld an-
hydrides or aoid chlorides under suitable conditione.

Sodium peroxide not only forme hydrates, but, as men-
tioned above, when treated in the oold with an alooholio solu-
tlon of concentrated sulfurle, hydrochloric, or nitric acid, it
forms the "acid salt," NaOQH, sodium hydroperoxide, which is a
rather unstable,_crystalllne white solid, The hydroperoxida
158510 -16-0apable of -forming o hydropersxidate, as in
2NaQ0H. Hzo' and ite hydrated: torm, "2NaQVH. nzo runzo, Ehese goft= .
pounds are too unstable to find uee commersially. Analogous
compounds of potaesium are also known. '

: Potaasium Perozide gnd Sugeroxide

Like egodium, potaneium is oapable of forming a perox-
ide, xzoz, a sulfur-yellow, hydroscoplt powder, resulting, e.g.,
from the oxldation of potaseium metal, dissclved in liquid
ammonia, by passage of oxygen through the solution at -50°0,
until the eclution becomes decolorized. When the peroxide is
heated in alr or oxygén it L& converted into the superoxide, xoz.
The product of the oxidation of metallic potassium when warmed in
oxygen ol air to A0 - 80°C 1w consequently, the superoxide, xoa,
chrome-yellow in color. The superoxide is also produced by the
low-temperature oxidation of potassium in liquid ammonia with an
excess of oxygen. FPotassium superoxide is quite etable on heat-
Ang up to its melting point, 380°C. At highsr temperatures it
diassoclates, forming KZOZ and oxygen. Atmospheric maisture
rapidly decompoees it with formation of voiassium hydroxide and
with liberatiocn of cxygen; with 1iquid water 1% reacts intensely
in the same manner, It reaots both with oarbon dicxide and with
carbon monoxide to form carbotate and oxygen.

Rubidium and vcesium form similar superoxiden., All are
deep yellow in coior, darkening to brown on heating, and turniag
hlanl wher melted.
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Peroxy Sslts of Group I Metals

Among the peroxy salts of Group I metals, the peroxy-
vorates, peroxycarbonates and peroxypyrophosphates, referred to
earlier may be considered as typical.

Sodium peroxyborate may be prepared (40) by the re-
action of borax eolution with hydrogen peroxide and sodium
hydroxide (or sodium peroxide), as in

Na,B,0, + 2NaOR ——> LNaBO, + H,0 (5)
NaBO, + Hy0, + 3,0 —> NaBO,-H,0,:3H,0 (6)

or by the electrolysis (41) of a solation of borax and madiun
carbonate, using platinum anodea-

The hydrnted compound which preolpitatea on oaoling
the solution to about 10°¢ may'bajflltered off, vashed and dried.
Preparation as a.barium salt hae/been describeda (42). It serves
a8 a source of hydrogen peroxide in an alkaline medium (pH of
saturated solution is about 10/, and has found extensive use not
only in textile bleaohing and the oxidation of dyestuffs, dbut in
tooth powders, oral antiseptics, ete. Ite properties are those
corresponding to an sddition product of hydrogen peroxide rather
than to a salt of some hypothetlcal peroxyboric acid, It is
therefore preferably represented by the formulation used above,
that of the trihydrated hydroperoxidate of sodium metaborate,
rather than as the tetrahydrate of s peroxyborate, NABOB.

Bimilarly, when a solution of hydrogen peroxide and
sndium eartonate contuaining the proper proportiona of the two
compounds, is evaporated, or when hydrogen peroxide is added to
a oconcenirated sciuviovn ol sodlum canbonats, the hydroperoxi-
date, 2Na 503 3H,0,, is procipitated {43) This substance holds
its hydrogen peroxide content rather constantly at room tempera-
ture over considerable periods of time. The white eollid contains
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about 14% of active oxygen and 1s frequently used in cleasing
agents, wlth soaps, detergents, ete., espeolally for home
laundering.

Several other addition compounds of sodlum carbonate
and hydrogen peroxide, together with their hydrates, have been "
reported, inciuding compounde with ratios of H202°H 0 of 1:1
and 2:1. The thermal and dehydration oharacterletios of these
hydrated hydroperoxidates have been studied by Makarov and
Ahamova (44).

These substances ers, of course, not salts of true

- peroxyoarbonic acid. Of the latter, the potaseium compound, ,
K °6' potiasgium peroxycarbonats, was first prepared in 1“96 (45)

by the eleotrolysia (46) of a saturated aolu%ion of pctassium car-
bonate at -15 ’C. The structure of thie conpound and almilarly
thit of sodium and rubjdlum, containe the [ﬁepéja ion, whieh' ' -

may be reprepented as [’-o_r;-o-o-a-o-] . The salt, which in &
0 v ‘ ,
moiet sondition is pale blue in color. la reaaongbly atable vhen

preserved in a 4ry atmoaephere, but 1s eatily deuomposed by the
© moisture of ordinary air, ylelding €O, and oxygen, and reverting
to potasgium oarbonate, :

The true peroxycarbonatea of sodlum, potaeslum and
rubidium were also prepared by the &ohich of fluorine gas cn the
sorresponding oarbonate solutions at -13° to -16°¢, with regular
addition of alkall hydroxide golutions (4?7). The stability of
the resulting peroxycarbonatas 1is dependent in large measure upon
the purity of the starting materials. Absence of even .inute
quanftities of catalytic ions, such as affect the stability of
hydrogen peroxide itself, le esacntial,

The formation of peroxycarbenic acids in salt solu-
tions contalning oxygzen and carbon dioxide has been observed
polarographically (48). Partington and Fathallan (24) reviewed
and reinvestigated the subjeust of peroxycarbonates.

From sodlum pyrophosphate the aowpound, Na“P207 2H

41e obtained by the action (49) of soncentrated hydrogen peroxide
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on a slurry of the pyrophosphate. Its properties resemble those
of the preceding addition compounds. Numerous hydrogen peroxide
addition compounds of alkali, ammonium, and alkaline-earth orthe-
phoephates, especlally the secondary and tertliary saslts, have

been prepared by dAirect interaction of the constitusnt compounda,

In a manner analogous to that exhibited by the sulfntes
and carbonates, it has been poessible to prepare true peroxy-
phosphates, particularly by the electrolytic method. Thus, potas-
sium peroxyphosphate, X; P 08’ is formed at the anode when a solu-

tion of phosphate, K HPOu i~ electrolyzed (50) the essential
reaetion being :
3~ e - 8
2P0, —> P0g % 28 - (8)

‘The peroxyphohphates also result'rrom the re&o%ion of fluorine

W'upOﬁ—uquuous—aalutiona of disodium phosphate or'pyrophonphxta isI)A

The aolid nalt is quite utable but its solutlons underge hydroly-
sis, more rapidly than those of the persulfates, forming hydrogen
peroxide and phosphoric acid.

_~ Peroxyacids, or their salts, formed from various other
elements in Groupe IV to VI of the periodioc systeém have been re-

ported for details oonoerning whioh the reader is referred to
Machu'a book,

In pericdic Group Ib, although reference has been made
to the fact that the so-called peroxide of silver is believed not
to be a trus peroxide, but ‘merely an oxide of divalent ailver, Ago,
1t 1s barely possible that a peroxide of univalent silver is
capable of existence. Existing data leave the matter still in
doubt,

A hydrated, r¢d peroxide of copper is known, cuoz-nzo,
as well as a basic cegpound repurted to be 0u0,-CulOH), (52).
The existence < such substances ams these offers a reasonable
explanation of the pronounced, catalytia effeot of ouprioc com-
pounds upon the decompoaition of hydrogen peroxide, in which
a ocyole of changes repr¢sented by such equations as




173.

—_—— {7
Cud +-H202 cuoz 4-H20

Cu0, + H,0,~-—> Cud + H,0 + 0, (10)

may be responsible for the sharp increase in the rate of desompo-
sitlion of the peroxide caused by the presence of copper compounds.
This subject has been investigated by Glasner (53).

PEROXY COMPOUNDS OF GROUP II

The alkaline-earth metals, oalaium, ntrontium and
barium {put probably not beryllinm) form peroxideu, which may be
made, 1n the case of barium and atrontium, by either wet or dry
methods. :Ig the dry way, for sxample, the reaction

600 ~ 700°

___Miif_;i_. . f",E 2810 + o2 u.___,____; z (1;)______;_m*_;_ 

150 aim

pr&dnoesAétrontium peroxide in 90 ~ 95% purity.. Barium peroxida
does not require additional presaure for conversion from the o

monoxide to be effected. The dry process yloelds a denser product

than precipitation in the wet way, as by addition of hydrogen per-
oxide to a 80lution of the nitrate, referred to below., Magnesium'
peroxidé apparently cannot be prepared direatly from the oxide.

The formation of OAO2 from calcium oxide and oxygen was first
reported by Struve (S4) and data are available for the diasacciation
pressures at low temperatures (55). Riesenfeld and Nottebohm (56)
fallod to achieve syntheeis in this manner, hcowever, and the sit-
uation 1s complicated by the faot that the peroxide hppeara to
have two modificationa, an alpha form, stable at low temperatures
and slow to dlssociate, and a beta form stnble at highe» tempora-
tures and readily dissooiable (55). Recent studles cn the Cal - o,
system have shown that traces of the peroxide are formed at low
temperatures and high preasures (57).

Theee peroxlides are capahle of adding up to eight mole-
cules of water, to give hydrated peroxldea. such as Baoz-anzo.
Tlhe hydrated peroxides result from the interaction of a slurry
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of the metal hydroxide or salt (58) with concenirated solutions
of hydrogen peroxida, in a reaction which is essentlially the re-
verag of the process whereby hydrogen peroxide is produced by
the hydrolysis of a metal peroxide:

Ba(OH)2 + Hzaz = BaO2 + 2R,0 (12)

In any event, the water of hydration 18 rather loosely held,

and may be driven off by cautious heating ﬁithout cauging decompod~

sitiion of the peroxide. As a group the peroxidea lose oxygen
fairly easily above 200° to 250°C, but barium peroxide is stable
in air up to about 700°C (see below),

In place af the slurry of metal hydrnxide, a solutlon
of the nitrate of the metal may be caused to reaot with hydrogen

.. peroxide in the presence of alkali'
H(?% , *+ H,0, * ZNaOR —=—-=-n02 + ammoj * 2H,0; 'L,"(lg‘;if."j“

. :'I

or, more sinply' i :
g + “202 + 20H —> n02 - znzo - (18)

S

- If the solution Lo conled the ootahydrate. xo BH?O, BAY

oryatallize out as the 80lid phade, whereas at highor tempera-
tures the anhydrous peroxide may result., The hydrated orystals
are more easily filtered and washed than the al1my>anhydroua
peroxide precipitates, but they .ose active oxygen more readily
on dehydration than the anhydrous compoundas.

The monohydroperoxidatied cuompounds, such as Baoz.ﬂzoz.
formed when cold concentrated hydrogén peroxide acts upen the
dioxide, lose thalr hydrogen peroxide of crystallization on warn-
Aing. The magnesium compound, although ocapable of existerice, has
not teen isgolated in a pure conditinn.

Although the alkaline-earth peroxidee are sufficiently
stable and unreactive when dry to he storad for years at ordinary
temperatures without appreciable deterioration, nsvertheleas,
when in contact with combustible matter, sepecieslly if ground
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with such matter, they may causc Iir

'G8.
Additional data concerning the indlvidual compounds
in Group II, follow.

Barium Peroxide

Barium peroxide in Group Ila 38 the most important and
most atable of the peroxides of the alkaline earths, and is
probably the oldest known peroxide, having been studied long
before hydrogen peroxide was firet ¢bserved, Prior to the
development of the elsolrolytic process for preparing hydrogen

peroxide, it served as the chief source of this compound. Re-

cently a renewal of industrisl interest in this early prodepe
has bsen noted, and seversl large-pcale plants have been bullt
or are projected in this country for the production of non-.
glectrolytic hydrogen peroxide, The preparation or barlum par—

28RO & 02 —-a- 2Bao +36 7 koal . (15)

was the baéia of the now-obsolet¢ Brin prucess for the manufacture
of oxygen ﬁhich wag employaduﬁriar to the"preaent-day procaéa )
utilizing the rractional distillation of 1iquid air. Roasting
the monoxide in air at 600 - 700° readily forms the peroxide,
Bao2 The process is reverasible; inoreasing pressure favors

the formation of the peroxide, while inoreasing temperature dls-
places th? equilibrium toward the left., The dissoniation pressgure
reaches 760 mm at auo® (59). Traces of moisture (resulting in
formation of barium hydroxide) are found necessary to catalyze
both the decomposition of the peroxide and its formation from the
monoxide and oxygen. The temperature of diescolation at atmos-

pheric pressure ie lowered by the catalytic qrreot of added oxides,
acoording to Kendall and Puchs {(60).

When pure, bartum peroxide ie a white powder of sp. gr.
4,96; as supplied comamcreially, Lt wmay have a alight yellowiah
tinge 1f tracee of iron have not been eliminated., The commercially
available barium and strontium percxides convain varying quanti-
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E oxidizing action, has found usse in pyroteohnica (green rlame)J &
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ties of the oxides or hydroxldee. When heated at atmospheric
pressure, but 1n the absence of moleturs, bsrium peroxide should
be stable up to about 7“000, at which temperature ita dissoocla-
tion preessura equsale 1/5 atm, Due to its progressively inereas-
ing decomposition pressures at still higher temperatures, its
melting polint hne not hesn aeatablished. but the maas, now a
mixture of dioxide and monoxide, softens at about BOOOC, and 1is

freely fluld at bright red heat.

As previcusly indicated, barium peroxide forms the
well-defined octahydrate, BaO, « BYH. 50; for example, when dilute
hydrogen peroxide L4 mixed wi*h a aaturated aolut:on of barium
hydroxlde, It forms gliatening Ilaky crystale which readlily
effloreace and are slightly soluble in water (sbout 1 g per
liter at room temperature), with some decomposition into the

“Toriginal reactante. - - - s oo -¢~»fe;n;;;nm_“;imm;m_Mfm____hff

_ - Besldes Aita formerly 1mpoﬂtant ugses as a sgtarting
material Tor the preparatiun of dilute hydrogen peroxide solu-
tions and of oxygen, and consequently its employmént in bleash-:
ing and 4isinfecting, barium peroxiae, because of its good :
and when mixed with magnseium powder, in ignitlon mixtures,
euch as those used to )nltiate tre vhermite reackion.

Calojum and. Magnesium Peroxides
The paroxides of caleium and magnesium (in general
admixed with hydroxide) have found utilization in bleaching and

"disinfecting (for example, in the storing of grain or ueed, aﬂd
“4n the Aressing of wounde); caleium peroxide Mas also been uaed

in dentirrioes, susmetics, and even in chewing gum. In baking,
ocngldernble quantities of GBOP are uasd ne an ald in the mechani-~
¢al handling of dough. Both mégneaium and caloium peroxides have
been employed as internal antacids and antifermentatives. They
are white powders, gpenerally avallable nei as pure compounds but
containing 40 to 50% of oxide. They are quitse atadle and may bo
kept for yeares at ordinary temperatures when dry; but are de-
composed rapldly abave }UO“C, a few hoursa' heating at 350° suf-
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ficing to bring about a total loss of thelr active oxygen acon-
tent. The hydrate, caoz-SHzo, 18 preciplitated when hydrogen
peroxide is added tu a solution of calcium hydroxide (or when
sodium peroxide 1a added to a solution or a calcium salt). It
becomes anhydrous when heated to 130° and 1s completely de-
composed into oxide and oxygen below red heat.

- 2inc Peroxide

ZnDZ, like magnesium and calcium peroxides, has been
generally avallable only in the form of a mixture contalning
about 45 - 50% of the hyaroxide. It may be made by the reaation
of a thinh slurry ‘of zine oxide with hydrogen peroxlde (61) .A
more nearly pure product 1s obtained by the rasaction of zine
ethyl or zino amide with hydrogen peroxide in ether ‘solution.
When pure it im 8 whlta powder, bui the uommerolal praduct BaY be
slightly yell&k inicolor, "The compound deqompoRas when warmed
and dsflagrates above 200°C. It i only slightly hydrolyzed by
water, and is valualle as an antiseptic and astringent, when used
alone or in conjunation with sulfa drugi in the treatment ot
wounds and skin dlseases. I¢ 13 a frequent ingredient in ocoe~
metios, deodorants, galvee and dusting powders. It has also
found application in the preparation of insecticides and in the
vulcanizing of rubber.

Cadmium Paroxide

040,, a yellow powder, usually obtained in an impure
form as a baslo compound.'xcdoz»ycd(OH)z.‘by methode similar to
those used for the preparation of xino peroxide, like the latter
is completely dencmposed above 180°0. Tnis compound ia not
utilized oommsrcially at the present time,

Mercury Peroxide

Meroury ie reported as forming a very unstable, briok-
rad merourlc peroxide, RgO,, resembling red phosphorus, prepared
elther by the action of 3oi hydrogen peroxide on an alooholio
mercuric chloride soluticn, followed by addition of alkall, or
by the action of 30f hvdrogen percxide on red mercuric oxide.
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- Phis peroxide ig one of the most asslly decomposable of the

inorganic percxides which are lsolable in the solid conditlon,
It explcdes when rapidly heated or on shock. At ordinary
tempsrutures or evan at 0°c 1t qulckly decomposes iniu red

‘mercuric oxide and oxygen. In water 1t vigoroualy aets

free oxygen and forma yellow mercuric oxide while some
hydrogen peroxide 1s produced in the solution. Less well

established 4s the reported formation of a mercurous peroxide,

ngdz, by -addition of concentrated hydrogen peroxide to mer-
curous oxide at low tamparature. ' ’

PEROXY COMPOUNDS OF GROUPS III - VIII

: Ystrium and she Rare Earthe

In Group III, hydroua percxides are .reported for

'~yttr1um, 13nthanum, oerium, and some of ths ather rare earth
metals. xutrlum peroxide 18 sald to hava the « ompnnition -

zuog-nnzo. Cerium forme red-brown Gea3 2Hzo, » suggested

.structure ¢f which has been represented as (HO)BOQO - OH,

Titanium, ziroonium, hafnium, and thorium in Group IVa form
similar compounds, that of titanium possessing a charaocter-
istic yellow coler, the others being white, The eompositionﬁ_
of the peroxides of the other rare earth elements hava not
been established beyond queation. There ias fcund for lan-
thanum, neodymium, praseodymium, and samariuvm gome uUnNcor—
talnty between the general formula, Ruo9 nH o and Rz 5-nﬂ 0.
By heating in oxygen under high preasures, praaeodyniun oxide
is salid to be converted inte the dloxide, Proz. although

under ordinary oonditions the product approximeies the com~
pesition Pr.O

Titanium, Zirconium, Hafnjum and Thorium

™hi moat well-defined peroxide type of metals in
Group IVa 1e the hydrated trioxide, M03-2H20, (62), whioh,
as stated, 1a common to all mumbers of this sub-group, The
intenes yellow to orange-red color resulting from the addi-
tion of hydiroren psesroxide to titanium sclutlong in the pres-
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ence of' dllute sulfuric acid is a familiar useful qualitative
test for hydrogen peroxide. Schwarz and Glese (63) belleve
thege peroxldee correspond to a formulation similar to the

ceric compoung, M4+(OH)3(OOH).- The titanium derivative,

soluble in potassium hydroxide in the presence of hydrogen
peroxide, furme such products as KhT1°8'632°’ a salt of the
ortho-acid HAT1(°27M' In acid solution, the intense yellow
color produced by addition of hydrogen peroxlde to a titanium
solutizn is considered (64) to be due to ths peroxidized titanyl
ion [:%10 «xE, d] ,» Which ia related to nha peroxy anion present
alkaline solution through the equllibrium: \

['moz] + 3H,0, ['n(oz),,,] + ént | (16)
i

Nazriﬁ SW 0 (65) and (Nnu) rioq-nzo (18). The sodium oompound

has alao been represented as Tio N5202-°Hzo. although such
forrnulas give little 1nrormntion concerning the actual molsculap

structure of the compound concerned. Similarly, riroconium yielhs
peroxysitnsonates;. such as KMZrOBoéﬂzo and Nah2r2011-9320; but
the corresponding harfnium salts and the thorium salts are not
xnown. The hydrated peroxides. HIOB-ZHZO {66) and Th03-2320 (67),
howe ver, have been prepared from hafnium and thorium solutions,
respeciively.

VYanadium, Niobium and Tantalum

In conformity with the rulwm that the stability of per-
oxyjacids of slsmenta in any pericdic sub-group increases with
increasing atomic welght of the elements in the group, 1t 1isa
noted that in Group Va th¢ statiility of the peroxyaocids inocreases
from vanadium to tantalum. The anhydroue peroxides themselves,
however, do not appear to have been isolated in a pure state.
Arsenlc, antimony and bismuth, in the b eub-group, appear not
to form peroxides.

, 77 .1t has been posaibla also to prepuro & series of j"*fi“ff“'
psroxytihhna&oa of atill higher oxygen oontent, iuch aa-

- —
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Elementa i Group Va show a generally simlilar behavior
toward hydrogen peroxide resembling that of titanium and ziroon~
ium.

A number of perovxyvanadaies have bsen prepared by the
interaction of hydrogen peroxide with vanadate solutions in aeid
or alkaline medium. The resulting compounds huve colors ranging
from yellow to red, a fact which may serve as the basis of s
egensitive test for hydrogen peroxide. Peroxyvanadic'aéid itgelt
has not been iaolated; and most of the peroxy-sompounys of
vanadium are easlly decomposed. When hydiogeﬁ peroxide is added
to a solution of a vanadyl ealt, such as |VO | [f5047 5 (whieh
is formed when vanadium pentoxlde is disaolvea in moﬂerately
soncentrated sulfurie auld), a dark red-brown volor is produced,
_due to a percxyVAnadyl oompound, guch &8 [V 0 :*0—7 30#"?3.
~-gahr (64). eoncluded that when pentavalent’ yanadiom rlaetl with
hydrogen psroxids, two pemcxy sompounds- result. whioh in aolutlon
enter into the rolloving ¢¢u111bria. : R

FreO :
[vo-a.q] + azn,, - Lvoz-aq_] N nzq,_ (17)
| ' : red :
[V(Oz)aq Z"' + x~xzo2 +* 2nzc§_ e [voz(::n )zaq] + 6H+ (18)
}ve‘! Ynw

red

Orystalline peroxyvanadates of reaspnably definite
compositlon have been reported by resotiona of V205' of an
orthovanadate with alkaline scintions of hydrogen peroxide, in-
cluding Nasvoa and tzvoﬁ-HEO. The rate of hydrolysie of
vanadlum peroxide was found (68) to be slow relative te that

for molybdenum or tungsten peroxides.

The peroxyniobatee are somewhat more stable than the
peroxyvanadates; and the fres mcid, H, Vho <A}, monoperoxyniobie
acid, has been isolated as & pale yellou aol\d Alkaline nolu-
tione of alkall or alkalline-earth niobates reast with hydrogen
peroxide to form a series of peroxyniobates, such ae KBNbOB’ Yy
Khszoll-jﬂzﬁ, anme of which are hydrated., athere anhydrous,
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The peroxytantalates, such as NaBTa08~1#H20 and KBTaOS’
resenble the correaponding niobium compounds, and the solid
hydrous-free aclid, H [?aouj]aq, is obtainable frow a solution ol
potassium peroxytantalate by treatment with sulfuric acid. It
withetands heating to 100° without appreciable decomposition.

Ohromjum, Molybdenum, Tungsten and Uranium

In Group VIa, chromium forms a number of peroxy-compounds,

inocluding the tlue peroxide, Cros, which 1s soluble in ether and
forms addition compounde with organic bases (such as pyridine).

Two series of peroxy salts of chromium are clearly distingyishable,
the blue salts of the type, ucrob, auch ag xcros-n 0, rormad
when another solution of cro5 is added to alkaline alcohollo Hzoz,

',and the red salte of the type H30r08 formed by a chromate and
' gnd alkalin@ H 02. which are. 1smorphoua wlth the peroxyvanadatesa.

that the structure of the crag anion 1s tetranadral with a chrou
mium atom at ths body center and four O_ groups, the centera of -
which are looated at the apioee of the %etrahedron The paro:y-
niobatea and paroxytantalatet also poaseas the same oryetal struot-
ure, 80 that 1t is conceivable that the oxidation atate of the
ochromium 4n the red salts is likewise five. The blue potassium
salt 1s diamagnetic, and to avold an odd number of electrons its

mnolecule is coneidered to be dimerioc, as in M,|00r(0,),-0-0-Cr(0,),~
2 2 2 2’2

with hexavalent chromium. The peroxide, Oro5, does no; form ,
salts when treated with alkalies; inetead, the compound deocomposes.
Ite itruotuvo 1s believed to contain two o2 groups, as 1ia

/’ 2

Oe— Or , with hexavalent chromium (63). The peroxids group-

ing Crd, 18 represented by Sidgwick (69) us Cr—»0-»0, or
. 4
Or = 0—>0, in preference to ths closed ring, Cr |. Beltefn
)

Martinez and Porter (70) have proposed the formula 0336r2015«10320
for the r&¢d peroxychromate oi Calsiuim,

An additional type of peroxy-compound, brown in cclor,
zontains the grouping Cr0,, as in CrG“-SNHj formed by addition

i lhé‘ [
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of hydrogen peroxide *» ammoniacal chromate solutions, at O°

and subsequent warming to 50°v Its structure is represented
-0 *0
as (NHq)mGr:, . Addition of potassium cyanide to 1is
S R0 0
aqueous golution ylelds Cr0,-3KCN. It 1s not known definitely

whether chromium is hexavalent or t:.-travalent in these compounde._
Glasner (71) has dinacussed the formation and constitution of
the peroxyohromates.

Unlike chromium, molybderum forma a peroxyaoid,
HZMODS-I.SHZO, when HoQ3 and hgoz intemact' the product 1is
a yellow solid, 1nsoluble in ether. Af with chromium, however,
several seta of peroxy salta appear:to‘exiét. such as the
yellow peroxymolybdatea (M Mooé\ and the unetable red salts
(M M004).  The situation is rendered : qmplex by virtue of the
fact that. polymolybdates ars formed in strongly acid molybdate .
Eblutrﬁns”and thase 1n’turn*hayMbEcsme'peroxidized"(72}.

o Tnngsﬁen ‘peroxyacids and theilr aalts are more stabdle

:fthan those of chromium or molybdenum, and suffer decomposition

only very gradually at ordinary temperatures (73). Oplorl?sa
compounds, sontaining the - HWO, ~ ton, and yellow substahces,

- yielding the HOS ~© 46n, are known, Judging from the intensity

of tho yellow color produced, Rumpf-Nordmann (?4) eoncluded that
mavimum persxysalt formetion occurs when the molar ratio of hy-
drogen peroxide to sodium tungstate is 2,0. Polypcroxytungstates
are also known, analogou# to the polyperoxymolybdates. Thelr
struatures have not been reported, Jahr and Blankai(75) sug~
gested the uxlatenca of the lon [%233(c-c)b aq:}*.

Uraniun forms the yellow, hydrated peroxide, uou-zazo,
etable below 100°; sometimes incorrectly referred to as °"peruranic
acid.* This compound hae been shown to be non-innized and there-

fore may not properly be regarded as the parent acid of the peroxy-

uranate sslta. The urarinm peroxide i3 éasily formed by the
simultanecua addition of hydrogen peroxtide and vase Lo a pH
conirolled solution of uranyl sulfate (7¢). Compounds with uni-
valent metals of the types Huuou, H2U06 and M6U2°18 have been

i
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reported. The fransuranic elemente, neptunium and plutonium (67)
are similarly credited with hydrous peroxides, Hpou-xﬁzo and
Puou-xﬁzo. Connlck and MoVey (77) reported the existence of

two peraxy complexes of Pu (IV), one brown, the other red.
Poaslble structures were nuggested and it was determined that
theee nompounds contained more than 1 plutonium ion per moleocule,

Dther Metals

-~ or the ramaininp met,la, reports of various peroxides

are not lackling, hut are for the nost rart not too convinecing.
Thue, a ocompound, Rezoa, that 1is, OBRB-D-O-RQO , Or a percxidized
R92Q7. was Adsscribed by the Noddaocke (25) as white and unsetable

in the presence of water; but cannot be considered as definitely
establishued. Ageln, although iren has not ylelded a pure percxide,
the existenco of such a compound as an intermediate, torned 1n
oxldation reactions 1nvolv1ng hydrogen poroxide in the prqsanoe

of ferric ion, is not unlikely. A red substance, supposuq k1)
be Fe0,, 1s reported as formed by the action of hydrogen peroxide ;
at low temperature upon hydrous ferric oxide suspended in alechol;:
and more highly oxygenated compounda, such as i"eo3 and aven reou,“
have been claimed by different investigatora.

A hydrous dioxids of codbals,; 0002.1320, has bsen sald
to result from the action of excess acdium hypachlorites upon
4ilute col:altcus sulfate solution in the presenca of asdium
sulfate. The analogous green nickel compound, nzoz-xnzo. 1s sald
to be feormed from precipitated nickelous hylroxide by means of '
hydrogen peroxide; but may te merely an addition compound of
nickelous hydroxide and hydrogen percxide, Its propertiepr differ
from those of anhydrous, blsack N10,, in whien nickel is tetra-
valent,

Peroxlides of Non-Metals

Among the non-petale & few unatable and little-known
paeroxides are o be found, including NO3 (and posailbily N 0 Y,
for which only opectruacople evidence L& avallable; 80, pre-
pared, for example, by the action of fluorine upon sulfuric

i
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acld or alkali, sulfate at low temperatures; and the peroxides
of chlorine and iodine, auch as Clou (or 01208), resulting from
the reasction of ellver perchlorate and iodine in ether or
benzene esolution, but known only in dilutes solution. Up to the
preaent time these substances have appeared to have littls
practical importance.

PEROXY AGIDS AND THEIR SALTS

Peroxxdinulfurig_A

Peroxydisulfuric aoid, H 3208 (aometimes oalled per-
sulfuric acid or Marshall's acid), is a white, orystalline 'soliq,
melting with decomposition at abaut;65°. It is manufaotured as
an intermediat® in the manufacture of hydrogen psroxide by one
ol the aleutrolytia mathodl.- In this process it ieg used it solu-
tion, and is not isolated. As described in Chapter 3, a solution
0f sulfuric acis (approximately 10 N) is electrolyzed with platinus
ancdes at high ourseui densiiies, paseing in succwssion through a
series of cellas and smerging as a -olutinn appraxlnatoly 2.5 K in
peroxydisulfurio acid. : -

Rydrolysis of the warm acid adlufion yields hydrogen

poruxide '
0 ! 0 0
v t e ﬂoﬂ . (X}
HO-S-O-OTB-OH — H—qu-OOﬂ ﬂo:quon
0 0 0 o {19}
¢ {Honm
: RC-8~0K + H~0-0-H
| 0

with inteérmediate formation of peroxymoncsulfuric (Caro'as) acid,
stos‘ '

The atructure of the 3208- ion hae been eatablished (79)
by x-ray analysis of the cestum and the ammonium salte, a® Iwo
SO“ tetrahadra Joinoad at the pointe in an 0-0 linkage,

Although sclutione of peroxydlsulfuric aocld aro reason-
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ably stable when kept cool, they are rapidly hydrolyzed when
boiled in the presence of excess sulfuric acid. Becauege of
this hydrolytic tendency, as well as the actively oxidizing
charaster of the compound, peroxydisulfuric acid is difficult
to obtaln in a very pure condition, and is not usually isclated
from its sclutions, VWVarious organlic materials are attacked by
the acid; paraffin ie charred, and mixture witb some organio
solvents may aven lead to sxplosion.,

 Wnen freshly prepared, solutions of the acid at. room
temperature do not exhibi% the characteristic rmaotiona ef hy-
drogen percsxide with titanium solition or permanganate, and
lodine 1a liberated only slowly from an iodide solution. The
powerfully oxidizing character of peroxydisulfate is demonstrated,

',howsver, by the conversion of manganous ion- 1nvo permanganate

(aldc@ catllytically by a trace of aflver 18K). THa onief pras-

- ¢tical inverest in pero;ydi-u;ruria_aezi ts in ite role in the

manufacture of hydrogen peroxide by the electrolytic process,
as above indicated., Bome appllcation has boan made of perozy-
ailultates in certain organio oxidations,

alts of Pero sulfurl a

Ahous the a2alts of peroxydisulfuric acid, the ammonium
and potassium salts, ("“k)zsa°e and xzszoa, are of chief importance,
They are orjatalline, white solids, The potassium sali is es-
peolally stable in ordinary air; the ammonium compound alen kaapa
vell in a 4ry atmosphere, but 1s liable to cake in moiat alr, as
it 1a aomewhat hygroacoplc. Ammonium peroxydisulfate is much
moxre #clutle than the potassium salt--the reapective solubilities
st 0° beirg 58 and 1.8 gm per 100 g H Q--90 that the potascium
salt way be precipitated by addition ar potassium biculfate sclu-
tion to a molution of (““u)252°a' Aguacus solutions of both
salts ©2lowly nydrolyze at room teuperature ylelding hydrogen
peroxide and other producte. Thus,

(NHy) 8,05 + 2H,0 ——> 2NH W80, 4~ H,0, (20)
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Other peroxysulfate salts are formed Ly electrolytic
oxidation of sulfates (80). A solutlon of ammonium peroxy-
disulfate 18 obtained at the anode when an ammonium blsulfate
solution 18 electrolyzed with platinum anodes, and the paroxy-
dlsulfate is crystallized directly from the solutlon, washed
and dried. The handling and shipping of thias substance and of
potassium perixydisulfate are not considered to he attended by
fire or explosion harards, and wooden or fiberboard contalners
are frequently employed (17).

Barium peroxydisulfate, Baszoe, in sharp contrast
with the aulfate, 1s soluble in water., Among the uses of
these compounds the bleaching of fate and of socap, the oxida-
tion of some dyestuffs and the promofion of certaln polymerlza- ;

__tion prooceaces, eepecially in the aynthatlo rubber lndustry,

muy be mentionad,¥ SR S i — R

I the pregense of &uuu+yt16 trnaew of silver aalts,

ammonium peroxydiuulfate errecte varioue oxidation proceasea,

such as thn ox\dabion of ammonia to n1trogen.»

B(HHL,) 809 + er::z3—_-> 6(NH,) ,80,, + N, (21)

Thloguiratee are oxidized to tr1~ or tetrathionatea, and mitaln'

like copper are dlsasclved, formingm culfatees,

Potasgzium poroxydiaﬁlrate (commonly called potassium

persulfate), K,8,05, 18 in many respacte similar to the corre-
‘sponding ammonlum salt. It is, howavar, mush lass soluble (a

esturated solution at 0°C contains about 2%, and at 20°C about
58, of s0lid xaszoe); and 1t is likewise more stahle in contaot
with the air than the asmonium c¢ompound., The scommerclal prepara-
tion of the salt consistu of addxng a aolution of potaasium bi-~
sulfate to the solution of ammonium peroxydisulfete resulting

# A uselful bibliography of the varioue uses of peroxysulfatee

has been prepared by the Buffalo Electro-Chemiecal Co,, Inc. (81),
see also the monograph by Price (82).
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from the electrylysis of ammonium bisulfate solution; the precipi-
tated potassium peroxydisulfate i1s then centrifuged to separats
it from the ammmonium hlsulfate nother liquid.

Trhe Margest use of potassium peroxydisulfate is ag a
polymerization promoter in the manufacture of artificial rubber.
It has been applied to varicus other processes, such as the
bleaehimi of fsts and the oxidation of dyestuffe (17). A esilver
peroxydlsulfates hae also been reported (83).

. Peroxymonosulfriric Acid

Peroxymonosulfuric acid, Caro's acid, H 805 or
HO-80, 2=0 OH. wes seen in the preceding section to be formed 1nte.r-
med.tately betwesn peroxydisulfuric acid and the ultimate hydroly-
eis produgts, multfuric acid and hydrogen peroxlde. ‘Like the . .
parent pcroxydinulruric acid, this substance iz hardly aver pre-
pared in the payre atate, aue to its 1‘rxl‘!::b&.11ty anﬂ n&ctivity
toward oxidiza%ie mareﬂal. When obtained in t!\e adid hydroly-
#8is Of peroxydlslfates, or by the reaction of ooncentrated

~ hydrogen peroxds upon sulfuric acid, it 18 fourd to be a white

e0lid, melting ab-ut bs c. It is differentiated from hydregen
peroxide by Memns of the fact that its addition to an iodide
eclution causse s an Ammediate liberation of iodine, vhereas other
types of peroxygen compoundsa react only rather alowly. Like
paroxydisuifuric acid, but unlike hydrogen percxide, Caro's acid
doee not react with potassium permanganate. Solutions of Caro's

4cld iind thelxy prinocipal application in various organis oxida--
tion procecses ,

Other Feroxy A sids

Othe ; peroxyacide and their salts are known, which ro-
sult from the ,tion of hydrogen peroxide upon the appropriate
anion or acid jnhydride or by anodic oxidation processes, ‘Tkm
peroxymonophos phoric acid, H3P05, (analogous to Caro’s acid)

i1s formed whom cold, concentrated H202 1s added to I-‘205 or
RPC, (BY):

l
: l '
i




183. ' -

2H202—§ P2054‘ Hao > ZHBPOK; (22}

-

_or by the anodic oxidation of soluticns of orthophosphoric acld.

Derivatives of the type MNPZOB are also known analogous to the
peroxydiaulrates. The potasalum ealt 1s obtalnable in the

“aaa ol A
BUanw dvavS,

Amoug other elements are to be found such compounds
a8 the peroxy derivatives of the carbonates, germanates,and
stannates.

In s manher quite analogous to that employed in the
preparation of peroxydisulfates, alectralysis of concentrated

potassium or rubidium carbonate solution at -10° yields at

the anode light-blue peroxycarbonates, K,0,0. or Rb,0 ( 204+ Which

preaumably have The structure:’ MOGC~0~0-CO0M. The interaction : B
of an alkall carbonate solution at low temperature with elementary [T
fluorine likcwige yields the peroxycompounds (A7). o

Other types of peroxycarhonatea have bean reported,

Aauch ag Nazco“ (24), whion 1a formed when phosgene reacts with

Naz 2! with liberation of oxygen. Action of carbon &101169 on

. sodium peroxide, or on an aleohollio solution of NaOOH, i8 re-

ported to yield another peroxydicarbonate, Naz 2°6’ isomeric
with the product of an electirolytioc method of preparation;-
well ag a possible peroxybiecarbonate, NaHCO,, which preaunahly
would be represented as

HO-0"

The structures of these substances have ot been definitely
setablishad; but seem reasonably to be as indicated.

Percxyaclde of other droup IV eiements include iLhuse
of titaniwin, germanium and tin. Peroxytitanic acid 1a written
gither as (H0)3T1~00H, or more commonly as ithe hydrated perox-
13e, Tioj.zﬁzo; the deep yellow color of which results from the
resction of hydrogen pevcxide c¢cn a eolutiown cf & titanium com-
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powurid, and 1s used famillarly as qualitative test for hydrogen
peroxide.

Precipltated hydrous stannic oxide forme with con-
centreted hydrogen peroxide a product considered o be peroxy-
distannic acid, HZSnz 73 analogously the compound X Gea 7" + LR 0
peroxydig:rmanic|acid is sald te result from the reaction or
hydrogen perox;dp Wwith a solution of a metagermanate, @Group ta
elements 1nclud1hg vanadium, niobium and tantalum are not
credited with peroxidees, but in solution form with hydrogen
peroxide peroxy pnlons. The deep yellow of an acldified
vanadate solution in the presence of hydrogen peroxide, which is
enployed, like the corresponding titanium reastion, for the de-
tection of hydrogen peroxide, is due to such a caﬁea. The per-
exyniobate and peroxvtantalate of potassium, x3ub08 and x3raoa,

~resgmble the red peroxyshromate, chroe, formed from g alightlv-

alkaline chromato eolution by addition of hydrogen peroxide 1n
the coild. :

One of the mosat uidely used qualitative tests for hy-
drogen peroxide is based upon the formation of the deep hlue
peroxychromic acid when hydrogen peroxide is added to an acidi-
£4cd aclution of a chromate. The acid 18 usually written as
ncrog. Less wall known are the correaponding perozy ccmpounde
of the other Group Via metals, molybdenum and tungsten., Peroxy-
anions of these elements have been reported by reactions similar
to those employef in the case of the preseding elements.

A per&xynitrlc acid, HNOh. formed when anhiydrous Haaz
reacts at low temperature with nitrogen pentoxide, was repcrted
by 4'Ans (85) in 1911; butl inasmuch as the substance is unstable
even at low temperature, tt hae not been obtained in a pure oon-
dition; neither have stable salte been isolated. Other re-
ported methods of 8ynthesis of peroxynitraites, sush as the
action of ozone on alkall azides (86) or of fluorine with
dilute sodium nitrite solutions, are of questionable character .87),

It has not bgen attempted to make the discussion nf in-
organic peroxy compounds given in this chapter an exnaustive one,

|.l
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For further details the reviewp alrsady cited {17, 82) as woll
as those by Neumark (88) and Slater {89) and the book by
Mashu (90) spould be consulted.
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