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I. Stebility of Hydrogen Peroxide (E, C. Lincoln)
A, Conductivity of Hvdrogen Peroxide Solutions

It was considered to be of 1interest to compere the conduotivity
of the purest hydrogen peroxide eveileble et this time with
thet revorted in the messurements cesrried out several yesrs
ago; especielly ss the results of similer measurements reported
by the Leporte Leboretory in Enelend showed & "flet meximum" in
the surve of conductivity ys concentretion extending over an
apprecisble renge of concentration,

Accordingly, semples of "Becco" 90% peroxide were evaporstively
redistilled ¢t low pressure, svoiding sctusl ebullition eand
resulting contaninetion from spx’ay. The concentrated solutions
were diluted with triply distilled "conductivity weter" to the
desired concentretions, Meessurements of the specific conductivity
wvere mede £t 15°C 4in the same conductivity cell with cest tin
electrodes as hed been employed in earlier meesurements,

The results of these messurements sre indiceted in the
socomnpenying figure, which does not indicete eny pronounced "flet
me ximum" , #lthough the chenge in cpecific conductivity for the
range 33- L60 wt.5% HaOp 18 only from 4,0 to 4,5 x 10~¢ ohm~?* om~
These results 1ndicate thet the form of curve originelly presented
(Ind.Eng, Chem., 41,992 {1949) is correct, elthough the meximum
velues in the vicinity of 50% H,0, mesy be revised dovmwerd slightly
in line with the lrtest determinestions.

B. Effect of pH upon Dec R

It hes been observed previously thet when 90% unstsbilized
Hz05 48 diluted with weter thre rste of decomposition, expressed
es percent decomposed in unit time, will not incresse, nrovided

thet the epperenh Qb Ag M MHED J0 g EAC 10 £R.40- B8 M Ohorgye

mere dilution with pure weter is from epnroximetely 0,0 for 904
Ha0, to nearly 5,0 for 10/ HzO0p -- the pl being measured directly
with the glass electrode, without ténfold dilution, Figure 2
shows the verirtion in pH es dilution of the Hz0; is cerried out,
end also the incresse in the decomposition rete et 50°C ettending
the 4ilution,

Further work is plenned in which the pH of the solution will
be held #t other values then 0,0, such as 0.5 or 1,0, during the
process of dilution of the 90% H,O,,

C_ CCw - R D [o]
Hete

Experiments cerried out et the Leporte lerboretoriesg, Luton,
Englend, in which ground glass perticles were mixed with hydrogen
peroxide in smell glrss vescsles in order to offer & lerge ares
of gless in contact with the hydrogen Eeroxlde solufion ynder
test, indicrted thet the surfece-to-volume retio wes without
gignificent effect upon the observed decomposition rete, 1In
an ettempt to explore this metter somewhet more completely, two
sets of exveriments were cesrried out, In one, the rate of
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deconposition of 990/ Hz0, ves messured in the usuel way, with e
Pyrex ges evolution fiask filled with different volumes of

the solution. The flesks used for this purvose sre 250 ml
Florence flesks, having flettened bottoms but essentielly round
end with & radius, R, near 4 cm, The surface crer exposed wes
calouleted from measurements of the height of the liquid in the
flesk, h; thus, Area = 2nRh, The volume of liguid wes determined
by weighing the smount of hydrogen peroxide of known concentration
end density sdded to the flesk, The veristion of SN rstio
possible under these conditions is slown in the curve "no rods"
in Figure 3, The ratds of decomposition :essured zre shovn in
Figure 4, which resembles esrlier results from this leborstory
(Prog. hkept., Mer., 1952), es well a8 the results quotea by Roth
end Shenley lInd. Eng, Chem, 45, 2343 (1953).) It wes elso

found thet the rete was the ssme when the flesks were helf end
totelly full, Since the flrsgks used esre sphericel the surfece-~
to-volume ratio is the same in both ceses, end the duplicetion of
results indicrtes a negligible contribution from veror phese
decomposition, either homogeneous or heterogeneous, under the
condltions of these experiments,

To further increese the surfece-to-volume retio, in a second
experiment, sme’'l pleces of Pyrex rod 2 mn 1in diameter #nd 1 cm
in length were fire-nolished to smooth the ends and conditioned
in the ssare menner as the flesk into which they were introduced,
These rods had erproximetely 0,69 cm? srea each, end the contribution
to the S/V retio ceslculeted on this basis end including the flesk
surfece 1s shown in the curves of Figure 3 for verious fixed
numbers of edded rods. Figure 5 shows the results of decomposition
rate studies on 90% HzOp in which the surfece-~to~volume retlo wes
altered in this menner, Curve A is similar to thet shown on &
lareer scele in Figure 1; the other curves were obtalned by the
addition of from 40 to 400 pieces of Pyrex glass rod to the flesk
with the proper snount of 90% Hz0, to yield the indicsted surface-
to-volume retio., Although for & fixed number of rods immersed in
verying volumes of liquid the rrte of decomposition is proportionel
to S/V retio, it is of note thet for a civen SN retio--say, 9--
the decomposition rate observed declined from sbout 0,021% per hr,
at 50°C when 100 rods were present, to about 0,01l when 400 rods
were used. This result implies that if the procedure of adding
more eand more surfsce were carried far enough, the slopre of the
decomposition rste curve would decline to the horizontel, or
thet the rzte of decomposition vould be independent of the
surfece~to-volume retio. This conclusion is in esgreement with
the observations of the Leporte laborstories, but its inter-
pretation is not immedistely arnerent. It 1s conceiveble thet
in ¢ heap of glass perticles immersed in the solution the full
effect of the surfece is not exerted, due to the memy direct
contects between the perticles, which prevent access of the sclutlon.
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D, The Effect of Redietion on Stebility

It is cieer thet ultreviolet 1light cen heve 2 girnificent
effect on the stsbility of hydrogen neroxide. This hes been
aprrecirted in the pest, as evidenced by the fect thet hydrogen
peroxide solutions heve been frequently sold in colored gless
bottles or otherwise neckeged to evoid illuminetion, However,
the degree to which sunlight or other radlation causes decomposition
?nder common conditions of handling end use is not wellrdeiineated.

t i1s spnerent thet exr to ey ieating,
with concomitent rise 1%%§¥%H§¥H§%@%édgﬁﬁhbfgfiéﬁicéépdecomnoe;tion.
At the sane time there exists the obvious inconsistency of using
e colored gless, which will ordinerily be of inferior quality
vith regerd to stebility beccuse of its metel or 2l1kelil content,
to overcome encther source of desomrosition, Coupled with this
is the well-known fect thrt gless,, herd or soft, is generally
considered opeaue to most of the ultreviolet portion of the
spectrunm,

The possible contribution of hesting =nd reletive ectivity
of surfeoes to supposed photochemicel deteriorstion of hydrogen
peroxide cennot be evelurted in 2 germersl way, but the facts
concerning the likelihood of encountering photochemicel
decomposition can be estimrted qualitatively by reference to
Fig, 6., This representation shows thet srtificiel light sources
are not likely to cesuse apprecieble difficulty; their rediestion
i1s diminished nercrly to zero st wevelenpgths where absorption
by hydrogen peroxide is only beginning end where quentum yields
are presumebly very low, In the exrosure to direct sunlight, on
the other hend, there epreers to exist considereble risk of
epprecliesble decompo 1tion, particulerlv et the higher concentrations,
Perhezps 4 percent of the sun's rsdiestion occurs at weveleugths
under the "toe" of the intensity curve showvn which mayv be Jjudged
effective for decomposition burthermore experience indicstes
thet when samples ot 90% unstabilized ydrogen peroxide, contained
in gless vessels, ere illumineted by direct sunlight, they may
undergo decomposition to the extent of sbout 1. per
day 2t room tempersture, The curves of Fig., 6 elso imply that
cleer gless cennot be countad upon to retard photochemicsl
decomposition induced by the ususl sources of illuminstion; this
1s Pparticulerly true for the Pyrex conmon 1n the lecboratory, Gless
(but not quertz or special glesses) s effegtive in screening
the ultraviolet redistion shorter then 2800A, This accounts for
thé fact th:t hydrogen neroxide contrined in Pyrex hes been found
to be unsffected- by 1llumination with 2 speclsl ultraviolet lamp,
such lemps, the so-celled gernmicidal lamps, ere copercted so as
to concentrete the redistion at the 25374 mercury line, which 1is
completely blocked by Pyrex,

These conclusions are of course only genersl;, 1n eny instense
of importence it would be necess.ry to evalurte the ebsolute
intensity and wevelensth distribution of the incident redistion
es well as the quantum sield #nd absorption in the nerticuler
concentretion #nd the container geometry. It will be noted that
the circumstences fevor renid chenges in decomposition rete as
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wavelength end concentration sre eltered, Since diffuse reflection
effectively reduces both the intensity end proportion of ultra-
violet in sunlight it is concluded thet as cerried out under ususl
leboretory conditions the effect of diffuse deylight upon the
decomposition rate of hydrogen peroxide solutions i1s small enough
to introduce no significant error into the results obteined, If
comparative meesurements are to be carried out under conditions

of illumination which are verieble in intensity or frequency,

this situation mey introduce & source of error.

II. Rartls) Oxidetion of Propane (C. E, Bodington)

It hes been shovn in rrevious work thet the yields of hydrogen
peroxide and sceteldehyde formed in the pertisl oxidetion of propane
are adversely sffected by the presence of en active surfece, In
order to determine the extent of heterogeneous resctions occurring
in the Pyrex flow resctor used earlier it was attemnted to cerry
out the reaction under such conditions thet heterogeneous
resctions would be minimized,

The apparetus designed for this purpose consisted of a porous
walled Alundum tube secled into & Pyrex slass Jecket, Glass tubes,
for the inlet and outlet geses, supported this tube inside the
the )Jecket, The prorene end oxygen, both 99+ % pure, were preheatced
seperately mixed, and injected into the top of the porous tube.
Pure nitrogen gss was blown into the surrounding Jjecket., The
Fes went from this jecket through the wells of the norous tube
at right angles to the rescting geses inside, This positive
flow of 1nert gas towerd the rescting propane-oxygen mixtur
inside the tube wes intended to prevent the diffusion of these
geses to the wslls of the tube where heterogeneous resction tskes
place. In order to compsre the results with those of previous
workers the exverimentsl conditions werc mede as similer as
possible, The pronene to oxygen mole retio used waes 5,5:1 end
the tempereture wes fixed et 475°C, These conditions were used
by Reild in determinine the effect of propylene on the mechenisnm,
by Wel in deternining the effect of nitrogen #nd helium on the
mechenism snd by '"ilson in his work leedin~ to the formetlon of
o mechenism for the reesction. Vel found thet nitrogen had 1little
effect on tie rete of the reaction, the slope of a curve of
percent of inlet oxysen rescted versus the residence time, but
thet 1t increessed the length of the induction period of this free
redicel reection, Due to this effect on tthe induction period of
the reection, the nitrogen to oxyren ratio wes fixed at 3,5:1,
5.5:1 #nd 6.5:1 for three series of runs, In order to obtein data
at verying emounts of reaction, different residence times were
used, from 1.5 to 6 seconds., Simce the gss ingide the reactor
acceleretes as more end more nitrogen enters through the walls,
the residence time, definied as the length of time 1t tekes &
snall volume of the inlet propene, oxyeen miryture to traverse the
length of the tube; 1s based on a length sversge flow rate,
Assumine constent tempersture end uniform res flovw alorg the
length of the tube, it cen be shown thet the aversge flow 1s
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equel to the erithmetic mean of the propene and oxygen input
entering the tube and the flow rete of the gases leeving the
bottom of the tube.

The results of these experiments show thst the yield of
hydroren peroride is lower in this reector then in the Pyrex reactor
used by Reid and ei, The yield was found to be a function of the
ratio of the well ges rate (nitrogen) to the residence time,

Since the eocessibility of the walls to the rescting geses should
elso be a function of this retio, the deta indicete that the
formetion of hydrogen peroxide is a homogeneous resction and thet
the decomposition 1s heterogeneous. Since the effect of the

wall will be a function of this retio in any reector of this

tvpe, 1t would be desireble to meke this ratlio as high as

possible in order to minimize the well effects. The yleld,

compared to that obtained by Reld, of the other products of this
rarotinn was elso affected by this reactor, but in most cases 1t

is nitrogen dilution rether then the surface thest een best account
for the change, All the products stem from either the splitting

or oxidetion of a propyl redicel. The products formed through the
oxidation of a propyl radicel such es acetesldehyde, methanol and
propylene, ere depressed in yield, while those formed by the spiitting
of the propyl redicesl such ss ethylens end formeldehyde, were
obtzined 1n emounts equel or greeter than those obteined by

Heid in the Pyrex resctor, These results are probably due to

the fact thet the reste of oxidetion of the propyl radicals nust be
e functlon of the oxygen concentretion. The rcte is therefore
reduced when the ceses ere diluted with nitrogen.

The perticulsr design used in these exveriments did not comp-
letely inhibit the diffusion of hydrogen veroxide or sny other
specles to the wells of the reasctor, Leerkage of the wall ges
sround the seels ¢t the top end bottom of the porous tube mey
be partly resmonsible, since such leakrge would reduce the net
flow through the wells of the tube itself. The extent ¢f the
heterogeneous resctions is 1in pert due to the lerge surfece to
volume used (48:1 1/ft) end to the extremely active surfece
used, It 1is intended st & loater dete to revort some of these
studles in e porous tube mede of sintered Pyrex, which should
be much more inert then the Alundum used here,

III, Hetefogeneous Vapor Phage Decompnosition (T. W, Stein)

As wes steted in the lsst revort, work during the second
quarter of 1954 wes to be directed towards deter:iining whether
there 1is some homogeneous decomposition in addition to the
heterogeneous decomposition of hydrogen peroxide vapor in the
various tubes being studied, Studles at high concentrations of
hydroren peroxide hed indicested thet the precision of the dste
became poor es the concentretions of hydrogen peroxide vspor
approached the exnlosion limit. It wes proposed to very the surfece
to volume ratio 1n several tubes end to comparethe rate of
decomposition per unit sree, To meke such e comperison, it must
be certein thet the surfece sctiviiles towards hydrogen peroxide
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are tne seme in the tubes to he cémpered. 4s was pointed out in
the lest report, investigations heve shown thet e coeting of boric
2cid on & surface gives & feirly uniform surfece.

Before underteking this study, seversl chenges were made 1n
the construction of the equipment in en sttempt to improve the
precision of the deta., The element for supplying heet to the
boiler was chonged. Previously the hesting colls were wrepped
eround the boiler in such s menner that they were quite close to
the boller surfece. Consequently there wes the possibiliity of
"hot spots" on the boiller wells., To imprcove this situstion, the
heating wires were embedded in a ceramic tube which is pleced
coexielly around the pyrex boiler, This leeves an air space of
sbout ¢ qusrter of en inch between the heating coils end the boller
vhich results in a more uniform distribution of heat over the
boiler walls, In sddition to the improvements of the boiler,
improvements were mede on the "collectors” which collect the
licquid condencsate from the condensers, With these improved
collectors the liquid semples cen be rerioved without affecting the
pressure in the system; therefore, there is no inducerent for
the rete of vepor flow in the system to change. Additionsl minor
chenges were mede in the construction end operation of the
equipment, The sum result of these chenges was an increese 1n

the precision of the deste,

The first tube which was investigeted vas a Pyrex tube which
was cocted with boric scid erd hed an erea of 635 cm?2 and & volume
of 360 cm3, The rate of decomposition a2t 2 total pressure of
1 atm. wes measured 2t three temperstures--180°C, 215°C, and 250°C---
and et vsrious averersed hydrogen peroxide partiel pressures from
O up to sbout 0,22 etm., This w per 1limit of concentrsticun in
the tubhe being studied corresponds to an explosive concentration
é26 mole per cent hydrogen peroxide) of vepor leeving the
oller,

The second tube had a surface ares of 1486 cm? and a volume
of 265 cm® and wes prepesred by adding to the first tube a bundle
of twenty-three boron costed pyrex rods which were sbout 26 cm
long end whose dismeters verled from about 4 to 5 mm. The
temreratures investigeted in this tube were the same as 1in the
other and the averesged pertiesl pressures of hydrogen peroxide
veried from O to 6,14 2tm, This highest averaged concentrection
is lower in the csse of the second tube. It wes egeln necessery
to have #n e xplosive mixture leaving the boller to preoduce these
concentrations, but becsuse of the incressed surface area more
hydrosen peroxide is decomposed, and consequently the aversge
is lower, Nevertheless, the same renge of concentrations of
hydrogen peroxide vepor leeving the boiler wes investigsted in

both tubes,
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The results shoved thet in the two tubes, one with a surfece
to volume retio of 1.75 and the other with 2 retio of 5.6, the
retes of decomposition per unit sree of surfece were very necrly
the seme. 1In fect, the rete per unit eree in the tube with the
high surface srea was slightly lsrger which would tend to indicete
thet no detecteble homogeneous de .omposition is occuring in tne
renge of conditions studied, In these tests it was found that the
precision of the d~ta was good even #t high concentretions, It
is believed thet the erratic behsvior in esrlier work wss & result
of inadeauscies of the equipment which were corrected as was
mentioned above, There definjitely eprears to be no indicestion

of homogeneous decomposition.

The next phese of the work wes to correlate the dete and
to represent them by en eaquation, The approech which was used was
to propose seversl mechanisms and then to attempt to fit the data
to the equrtions which the Lengmuir monomoleculer adsorptlon
theory would predict in sccordance with the proposed mechanisms,

Fourteen different mechsnisms were pronosed but of these
proposals only threc were nmethemeticelly accepteble, These three

mechenisms sre:

1l and 2 Reection between an edsorbed OH radical end
moleculerly adsorbed hydrogen peroxide

1) Desorption of weter controlling
2) Hesction rate controlling

3 Reaction between en sdsorbed OH radical and a
molecule of hydrosen peroxide in the gas phese,
where the resction rete is controlling.

It is reslized thst the Langmulr thecry 1is an over
simplificetion of what is ectuelly occurring on the catalyst
surfeace, However, on the assumntion of the velidityof the Lengmuir
theory there cen be proposed the following picture of the decomp-
osition of hydrogen neroxide. & hydrosen peroxide molecule 1is
chemisorbed on the surface and splits homolyticelly into tvo OH
radicels, This initiel step can be steted with some certainty,
Uncerteinty does exist, however, es to whether oneof these free
radicrls rescts vith o physically 2dsorbed hydroren peroxlde
molecule or whether it reacts with 2 hyirogen peroxide molecule

impinging from the ges phase.
the initisl step of the decomposition 1s
hypothesis of Gigudre (1), who imagined

the initisl step to he the brezking of the 0-0 bond of hydrogen
peroxide £s8 it is adsorbed. Also this heteropeneous mechanism
perellels the chein mechenism for the homogeneous decomposition

This proposal for
in accordence with the
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of hydroren peroxide which wes proposed by Setterfield, Kevansgh,
end Resnick (2). They propose th:t an hydrogen peroxide
nolecule thermelly decomposes to give two OH redicels which then
nropogete the cheiln by reecting with an hydrogen peroxide
molecule., Thus the mechenism discussed here 1s consistent with
tliose nrenosed by other investigetors,

As was mentioned sbove, there sre three forms of equations
which are ecceptsble es 2 meesns of correleting the deta., The
third vronosel mentioned above vas erbitrerily chosen and the
date for the decoriposition of hydrogen peroxide in a boron coeted
pyrex tube vere zmplied to this equation., The finel equation is:

- eemwe F  ecomcocwcveSeflecn e S c e nn—- 2

L3O 1 + KHp0,PH,0; + KH,OPH,O
where

KH,0, = 7,34 x 107 = - ==22.2.22a
RT

KH,0 = 3.82 x 10~°  2:76_%.102

Q.KI'{ZOQ =1

and where

moles of hydroren reroxide decomnosed
partial pressure of hydrogen neroxide {(ztm)
nartial pressure of wster (atm)

surfcce erea (cm®)
time (min)

tempercture ( °K)

n
PH,0,
PH,0

A
e

T

The sverepe deviction rt 180°C 1s 7%, at 215°C, 16/, end et
25003 9;00

Future work 1s to be directed to the exeminstion of a gless
surfece in the sttemrt to find whet fectors contribute to the
ectivity of a surface as 2 catelyst for the decomrosition of
hydrogen peroxide ss ¢ meens for find:ng weys to pessivete surfaces,
Secondly vork vill be begun on the exanminsticn of the activities
of metallile surfeces.

1. Gigudre, P,A,, Con. Journzl of LResearch 25B, 135-50, 1947
2, Setterfielad, C, N,, Kavenegh, G, M,, and Resnick, H., Ind,
Ene, Chem,, 43, 2507, (1951)
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IV, Cyelicel Berium Peroxide Processes (F. Feskes)

An investigation hes been underteken of (1) the mechanism
of the celeinetion of berium carbonete, end (2) the mechanism
of the formetion of berium peroxide from berium oxide obteined by
the calcinstion of berium carbonete,

During the period April 1 - Jun 30, 1954, detailed investigations
of the followinr resctions were initieted:

B&GO3 + C ~———————3 BgO + 2CO
BeO + 1/2 0 ———> BeOy/

This work eims at estsblishing the optimum conditions for
the production of barium peroxide, which mey then be converted
into hydrogen peroxide by trestment with ecid.

The rete 2nd degree of conversion of berium oxide to barium
peroxide in an oxygen etnosphere 1s lergely determined by the
conditions vsed for the calcinrtion resction, The activity (peroxide
forming capecity) of the berium oxide is considered to be a
function cf the following veriebles.

a) Celcinction Resction

1. Tempersture

2, Carbon monoxide concentretion in the gas phese
3, Time

L, Lmount end surface ectivity of edmixed carbon

5. Porosity of celocined metzriel
6, Crystel size end purity of brrium cerboneste used,

b) Peroxidetion heeaction

1. Tempereture

2, Oxygen concentration
3. Time

L4, Porosity of BeO & BeOp
5, BeO crystel size

It hes been proposed thct close control of the sbove variables
should essist in the determinetion of the optimum conditions
for peroxide formrtion, For this purpose the construction of a
smell electricelly heated tube furnece has been commenced, It
is proposed to celcine spheres of berium cerbonete admixed with
carbon in an gtmos~here of known compesition within the tube
furnece, The rete end degree of the reection will be determined
by measuring the ges evolution during the resction. Provision is
being mede for sutomztic temrersture control of the furnece,
Temperstures within the srhere undergoing reeotion will be meessured
with a plrtinumerhodium thermocouple, A knowledge of the temp-
erature distribution through the srhere during resction should
meke 1t ~ogsible to determine whether heet trensfer or some other
verisble controls the reection rete,

_—rty
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Following the cslcination resction, en inert ges will be
substituted for the gas in the furnece, the temnersture of which
vill then be reedjusted to thet of the peroxidation resctlon,
After eveocurtion of the inert gzs, oxygen will be sdmitted and
the rete snd degree of peroxldetion meesured.

In this memmer it 1s hoped thet it will be possible to
measure bot! the rate end degree of the celeination end
peroxidetion resctions.

V. Visitors:

Mr, Cherd - British Joint Services lission

Mr, Retten - Bur fter, 'eshington

tir, N, Drvis ~ Buffezlo Electro-~Chemicel Co,

Mr, L, Porell - ONR, Boston

lir, Horstein ~ ONR, "'ashington

Mr, £, G, "hittrker - Nevel Ordnence Test Ststion
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