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INTRODUCTION 

The heterogeneous decomposition of hydrogen peroxide vrpor 
has been the subject of several investigations. Data have been 
reported for the rates of decomposition at partial pressures of 
hydrogen peroxide from 5 or 6 mm of mercury up to 1 or 2 cm. at 
temperatures from room temperature up to ^00°^ and on such 
surfaces as soft glass. Pyrex, quartz, aluminum arl tin. The work 
of previous investigators has been recently summarized (30). 
However, there have been many inconsistencies in the data 
available and an explanation of the fundamental nature of the 
heterogeneous decomposition of hydrogen peroxide vapor has been 
lacking. One of the purposes of this work was to try to obtain 
a clearer picture of the Important factors which affect the surface 

rate* A 8®°ond Objective was to ascertain under what 
concluons homogeneous decomposition becomes appreciable. Aside 
from these more theoretical reasons, there is an engineering need 
for determining those materials which will cause the minimum 
decomposition on contact with hydrogen peroxide vapor. In the present 
work substantially greater H#0a vepor concentrations than previously 
were studied, as well as a much greater variety of surfaces. 

Previous studies indicate that any surface has an accelerating 
effect on hydrogen peroxide vapor decomposition. Most investigators 
have reported that the reaction rate can be expressed by a first 
order equation, although second order reactions, both retarded and 

ïïïifioÎ bymweter» pnd zero reactions have also been suggested 
110,16,17). The reaction is reportedly unretarded by additions of 
moderate quantities of air, or C0a. 

The rate of reaction is much higher on metals or soft glass 
than on Pyrex or quartz although it can be varied by one or^more 
orders of magnitude on a Pyrex surface alone by changing its 
chemical and physical properties. The reported activation energies 
have ranged from 5-20 Kcal./gra.mole, but most frequently have been 
in the vicinity of 10 Kcal./gm.mole. 

The homogeneous decomposition of hydrogen peroxide vapor 
has been observed primarily only in studies of flames and explosions, 
xhe explosion limits of hydrogen peroxide vapor at various total 
pressures have been determined (28,29) and it was found that these 
limits were dependent only on the hydrogen peroxide concentration 
in the vapor and were unaffected by the ratio of water to oxygen. 
The decomposition of the vapor in boric oxide reaction tubes in 
the temperature range from 470-5*H)oC has been observed (19) and an 
activation energy was reported that was in the range of 40-50 Kcal/gm 
mole. On the basis of the magnitude of this quantity and the effect 
observed when the surface to volume ratio of the reaction tubes 
were changed, it was concluded that the decomposition was at least 
partially homogeneous. 

EXPERIMENTAL 

The experimental apparatus comprised two sections, a vaporization 
section, depicted on Figure 1, and a decomposition section, shown 
in Figure 2. 



The vaporization section was capable of producing a steady 
flow of hydrogen peroxide vapor at a constant concentration. A 
hydrogen peroxide-water solution »ras fed continuously to an 
electrically-heated Pyrex boiler through a levelling device 
(see Insert on Figure 1) vrhich maintained a constant liquid level 
In the boiler. The boiler pressure was regulated by an external 
helium system; the helium, being lighter than the hydrogen peroxide- 
water vapors, was prevented from entering the system by maintaining 
In the reflux condenser, atop the ooller, a helium-vapor interface, 
which is visible. 

The hydrogen peroxide-water vapor mixture from the boiler first 
passed through an entrainment separator and then through an 
electrically heated Pyrex preheater (see Figure 2). A portion of 
the vapor at this point was withdrawn for analysis by condensing 
it at 5°C, and analysing the condensate for hydrogen peroxide content 
by potassium permanganate titration. The remainder of the vapor 
flowed through the reaction tube, and was then similarly condensed 
and analysed. The division of vapor flow between the upstream and 
dovmstream condensers was controlled by control of the pressure, 
this being set by bubbling the oxygen leaving each condenser through 
a column of water before passing it through a wet test meter. The 
collectors in which the liquid samples accumulated were so constructed 
that the samples could be removed without affecting the pressures 
in the condensers, so as not to affect the flow division. 

The reaction tubes used in the study of glass surfaces were 
usually one inch in diameter and approximately two foot long, with 
ball and socket joints on the ends with which the tube was clamped 
in the system. When plastic surfaces were to be studied, the 
samples were placed in the glass reaction tubes. In the study of 
metallic surfaces, metal rods about 3/32 inches in diameter and 
6.5 inches long rested coaxially, on small aluminum supports, in a 
Pyrex tube about one foot long. The ends of this Pyrex tube had a 
diameter of one inch, but the central portion in which the metallic 
sample was placed had a diameter of 3/16 Inches. 

Each reaction tube was immersed in a constant temperature bath 
to which it was sealed by stuffing boxes, using asbestos tape as 
the gasketting material. At temperatures below 180°C, "Nujol", 
a mineral oil, was used in the bath; at temperatures above 180CC, 
a molten salt mixture containing 7 wt./í sodium nitrate, 40 wt. % 
sodium nitrite, and 53 wt./£ potassium nitrate, was used. The bath 
was agitated by a stirrer and its temperature was regulated to 
within + 2°C by a thermoswitch which controlled a heater lying along 
the length of the bath. The temperatures were measured with iron- 
constantan thermocouples at three locations—In a well at the exit 
of the preheater and in the two ends of the constant temperature 
bath. 

The range of experimental variables studied in this work was: 

Partial pressure of nydrogen peroxide 0.02-0.23 atm. 
Temperature 110-^90°C 
Total pressure 1 atm. 
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3. 
The pertlrl pressures of hydrogen peroxide studied vrere higher than 
those hitherto Investigated and closer to those likely to be 
encountered in practical operations. 

The data obtained in each set of experimental conditions were 
the amount and composition of the hydrogen peroxide-water liquid 
sample collected from each condenser, the volume of oxygen leaving 
each condenser, the upstream and downstream pressures, the temperature 
of the vapor leaving the preheater and the temperature of the bath. 
At each of the combinations of experimental conditions, three sets 
of data were collected to avoid fortuitous errors. By means of a 
material balance, the rate at which each component enters and leaves 
the reaction tube can be calculated and from this the rate of 
decomposition of the hydrogen peroxide. 

Except for a few runs at the very highest temperatures studied, 
the Inlet and exit concentrations were not greatly different, so 
that the reaction tube may in general be regarded as a "differential 
reactor". The correct method of averaging inlet and exit concentrations 
is therefore relatively unaffected by the order of the reaction. 
If, for example, the inlet and outlet partial pressures were to differ 
by as much as a factor of 2, the log-mean partial pressure, the 
correct mean for a first order reaction, would differ from the 
geometric-mean, the correct mean for a second order reaction, by 
only 1.5^. The differential rate of decomposition, •’dNH2o2 

A dO 

is therefore calculated as the difference between the rate at which 
hydrogen peroxide enters and leaves the tube, divided by the total 
surface area. A few surfaces, Pyrex coated with boric oxide and 2S 
aluminum, were studied over a range of temperatures end compositions 
sufficiently extensive that the results could be expressed in a 
mathematical form based on the Langmuir adsorption model. Other 
surfaces were studied less extensively and frequently at only one 
temperature. In these cases the activity of a surface is expressed 
by plotting the differential rate of decomposition observed against 
the geometric mean of the inlet and exit partial pressure of hydrogen 
peroxide. The partial pressure of oxygen and water vapor might also 
have some slight effect, but essentially the same concentration of 
liquid hydrogen peroxide was boiled in all studies of surface 
activities so that the concentrations of oxygen and water vapor 
were functions of the average hydrogen peroxide concentration only. 
The independent variables were thus reduced to three--the type of 
surface, temperature, and the partial pressure of hydrogen peroxide. 

The rates of heterogeneous reaction studied here were sufficiently 
low that the rate of diffusion of Ha08 from the bulk vapor to the 
surface was neglected as a limiting factor. This introduces a 
slight error in a few cases. Thus, the difference between the 
interfacial and bulk partial pressure was estimated, by means of 
the correlation for laminar flow in a wetted wall column (32), to be 
about 15$ in the studies with the most reactive glass tube (tube 17, 
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a Pyrex tube with sliver present) when the everege bulk pertlel 
pressure of hydrogen peroxide wes 0.02 atm. In an average Pyrex 
tube (tube 19) the maximum error was only at an averaged bulk 
partial pressure of about .0^ atm. This diffuslonel error would 
not affect the ouplltatlve comperlson of two surfaces because the 
error is greater on the more reactive surface. For those surfaces 
on which a wide range of hydrogen peroxide concentrations were 
studied and for which eouatlons were derived, the difference is 
greater at the higher concentrations than at the lower. For example, 
on a boric oxide coated tube (tube 9) et 180^0 the difference 
increased from 2% at 0.03 atmosphere of hydrogen peroxide partial 
pressure to 11/É at a partial pressure of r'.2 atm. Similarly on 
an aluminum surface it Increased from et a bulk hydrogen peroxide 
partial pressure of 0.0^5 atm. to 13^ at 0,1^ atm. However neglecting 
the effect does not affect the form of the equation derived for 
expressing the data, and the value of the correction factor called 
for is generally less than the reproducibility of the data. 

In studies of heterogeneous decomposition where a reaction tube 
itself was the surface studied, the area on which the reported 
rate is based was taken to be the entire area of the tube, Including 
the slight portion which protruded outside the bath. The connectors 
to upstream and downstream condensers were acid-treated Pyrex and 
had an area of about of the reaction tube. Except when studying 
the most Inert surfaces, any decomposition on connector surfaces 
could be neglected;ln a few cases a small correction factor was 
applied based on the known decomposition rate on acid-treated Pyrex, 

RESULTS AND DISCUSSION 

The experimental results are given in Table I. 

Heterogeneous PeoomPQBltHm_ 

1. Olass 

Glass surfaces of various compositions were studied most 
extensively because they are the least active surfaces known. 
Various alterations were made In the chemical and physical natures 
of the glass surfaces In order to find what factors affect the 
decomposition rate of the vapor. Attempts were then directed 
towards removing or avoiding those elements which ere the sources of 
catalytic activity on a surface. 

Unaltered Surfanea 

The rates of decomposition of hydrogen peroxide vapor were 
measured on the following commercially available glass surfaces, In 
the form of glass tubes: fused silica, boric oxide fused onto 
Pyrex, soft glass end lead glass. Several of the tubes were subjected 
to various chemical treatments to alter their surface. To distinguish 
between the subseouent differences in behaviour, the tube condition 
after each of these treatments Is designated by a different letter. 

Borix oxide films were fused onto several Pyrex tubes by a 
method suggested by Cook (M. The rates of hydrogen peroxide vapor 
decomposition on these surfaces are shown on Figure 3. Tube 7 
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5. 

was treated with acid, fueed treaty wlth^dlu^d^oxld^and 

finally ooeted with boric oxide. ^¡besc ditlon ¿ 0f tube 9 refers 
coated were unalt®red.^yr®ïvS^fÎer receiving the boric oxide coating, 
to Its behaviour iram«dlabely+^®LI!CJor four days, which 
It was then exposed to the Bb®9®Pben N t a bundie of Pyrex 
condition was designated condition B «ex to tube 9 
rods, coated with a fused bo^° The area of the 
in order to change the surface 0. b was om8. The rate 
tube was 590 cm», that of rods.£ total area Indicating that the 

%;rm% whloh'oonditlon Sas daslgaatad 

as condition D, 

As the boric oxida « -““raflnora^eTaurfao^'”86" 
peroxide vapor there oooprred a activity remained 
activity, but after this 5^0. Vapor elapsed 
constant. Thus, ecme 20 hours xpo^ ^ activity Is seen to be 

«pos d t0 hydrogen peroxlde^apor^or^u^a^ _ 

!Í0aS show^ón Ä ^^rapproxlmatiiy equal activities. 

The rate of deoompo.ltlon ^15°° 
on a fused silica '/^r^ ^ ^corVrfioi tSb. 11 (In 
treated with an acid, and a j, jn figure 5 ar® 
condition A), can b® s®®11 Jn ^iSJa^tion on a soft glass surface, 
results of a study of the deco p which was placed coaxially 
The soft glass surfaoe studied was a roa ^ ¿Q¥ri ln thlB 
in a Pyrex tube, tube 101, and rested on s^pp^ ^ area of soft 
tube. (The data In ^ extent of reaction on Pyrex), 
glass exposed, after examined and the results are 
light different Pyrex surfaces were 8urfa0e, tube 20, was 
to be seen on Figure 6. 'many » » 
studied and the results are In Figure 7. 

To summarize and compare th®.®bgV®laggUgurfaoes are tabulated 
decomposition ob?er^urSeorhy^ogei ”r"o? 0.04 atm. below for a partial pressure of nyaroge 
The temperature for all the studl 



Surface 

Table II 

BATES OF DECOMPOSITION ON SEVERAL GLASSES 

Temp. * 215°C. m,in Vo K,0 0,0 *1.0, PbO 

Fused Silica 100 

Boric Oxide 

Vycor 96 
Pyrex 80*5 
Soft Olass 70 
Lead Olass 68 

100 

4 0.02 

12.9 3.8 
14 

10 

0.4 

6.2 6.3 

6.0 1 

0.04 

2.2 

3.3 
15 

Rates of decomp, 
(mole/min cm*) 

* 10# p„ _ * 0.04 atm. 
ngOg 

2 

2.5-^ 

2.7 
3-6 

9 
43 

Although there is co”®1^!‘^1®fn^etdifferentrglesses rank as 
«rfVycor ^ Pyrex <Soft Olass « 

Lead glass. 

The relptlonshlp.1? ï.^pctïvitrsupgests0?^?8sodium, potassium, 
surfaces and their fî^ïead atoSs in the glass are active 
calcium, aluminum and 6®P® in\ y,pg suggested that for 
oenters for the decomposition. Do»4en of the material 
electron transfer rea0tlon8,the e! P ^ 1b lnterestlng 
are Informative as to a Baases iS ortlr if Increasing âleleotrlo 
that a raiking of these 5 ™ 0™e^er of Increasing 
ce talytlc^ctlvlty^* although this ma? he fortuitous. 

TïïP te Pyrt31 

To test further ‘»e hypothesis B^u°f,^1the%las8’! two 
of a glass surface Is a ^hydroxide, tfcloh presumably 
Pyrex tubes were soaked Si-O-Na bonds on the surface 05)* 
reacts with the glass to . surfaces can be seen on Figure 8, 
Tube^^was“ soaked ff/lfhours ‘^s Is «eslgnatea condition B^end^^ 

r^tM tube”?8Increased3Its^otlvlty about threefold. 

In addition to sodium two 1™ 
were added to Pyrex by treating ^ | These ions may add 
nitrate solution of these ions a • with existing ions in the 

huÄeS 0o”d8?ear?anS ftî electronic field as 



It approaches the Risse surf«®® l^-by^^íusfjo^hat^th“ 
of the polar sliver Ion are repelled b^the^ies^ . in 

the*opppslte dTr.ftlõn the õhealoal properties of the surface 
resemble those of metallic silver. 

The determination of the c®t®^g1Qfe^eVactlvltlesUof 
the addition of Ions no <s unknown Consequently to 
individual sites since the more reactive, 
determine which of two ®leine^8 °nBa ®?utlon of one of the species 
a Pyrex tubewas first Immersed In » .. tube waB immersed 
and the rate of decomposition measuri Jh again determined. 

ÂSVÍhs ¿.order fn ^second 

ofrtheta?proprlateCnltrate salt for 20 hours at 60°C. 

On FlRure 9 la shown a comparison of ^““„^ed^rÕoódlUon 
12 was first treated with sodium ® g Tube 13 »as treated 
A) and then with silver nitrate, condition b* j soaium 
first with silver »l^ate, condition A, fcllowed^y^ ^ more 
nitrate treatment, condition B The si^ treatnent Klth sodium 
reactive than sodium, ®*Ça treated with silver nitrate (tube 
nitrate of a snrfsoe Ltivlty It appears that the silver 13) did not Kreatly lower the aotlv ty ,tlt8apper ^ the reducea 

exists not as an ion on the sunac , 
metallic state. 

The effect of treating a ®ur^°ergguitg°belng shown 
nitrates was 00®PBred ^waseflrst treated with ferric nitrate, 
on Figure 10. Pyrex tube 1^ was first w a nltrete (condition B). 
(condition A), and then trea . results Indicate that 
Tube 15 was given the reverse treatment Tne ^ceritert Because 
b iron active center is more reactive than a epprars likely 
the sodlum did not aignlficantly replace the iron ^ ^PP^ 

that the iron was adsorbed In a reducea io™, 
occurring with silver. 

A comparison of 8lly®^®n^ ^reated^it^sií^er nitrate 

S ;itrsSnvÄre.treThrsas Phot saver active 

sites are more reactive than iron. 

Swpari 
The presence cf cations on a Rlas^surface increases ^ 

pero* Id^vapor^1'"Th^ao 11V it les™? these Individual altes rank as 

follows : 

Ag Na^ Pure Pyrex 
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¿ « <rians erefitly increesed the cetelytlc 
The presence of ^ nctivities of these substances for the 
nature of a glass. The ectlvj- * vanor narellel their 
decomposition rate of hydrogen ^ . llqul¿ Thus, sliver, 
activities for the decomposltlon of the llq 1 ^composition 

ïrîÆÆÆarsoÂSs “afe^lstlvely poor. 

Anifl Treatment of PvraX 

The preoedlnfc ^hese^eíe^elovearthe^eeSltlng806 
are active centers and that lf , ls b treatment with an 
surface would be more lnerJ* lth hydrogen Ions by an Ion exchange 
rÂ "5r”!tSêSsniôa network l-l-attao.ed, thereby 

aôrr îtB^S«i™“ê tiieÄ.8th; effect of different types 
and concentrations of acids. 

Figure 12 shows the ec^vlti®® ^j^^^ran^riere^oake^for 
were treated with nitric aoid, while tubes 6 and 
20 hours in concentrated 15.^'"Jtl |he same period of time. 
19 were treated with 2N nitric aold :or one a a studies 
All these tubes had been J&JHÓ sold treatment. The 
reported In Figure ^ before Evidently less Important than kind of treatment with HNO. Is evidently less ip p e ^ 
adventitious variation from samp d on severai Pyrex tubes 
shows the rates of ^'S^I^J^r^ln UN phosphorlo aold. In Figure lU 
which had been soaked for 20 hours in P previously treated 
wlth^UN ^ÄWÄr»iSb.s and 3U, or with 
1/É hydrofluoric acid for 20 hours. 

Summary 
In Table III are tabulated ^e rates^f^eaotlon^t^^^O^n 

the various acid treated tubes ^ 8 conciuded that acid treatment 
some of the untreated 8UJf rï!Les °nd that 4N phosphoric acid 
andl58nltrîc acïdVe îhe most satisfactory acid solutions with 
which to treat Pyrex. 



Table III 

SUMMARY OF ACID-TREATED PYREX SURFACES 

T - 215°C 

Tute 

2N HNOa 

Tube 6 (in condition B) 

Tube 19 (in condition B) 

Cono. HNOs 

Tube 18 (in condition B) 

Tube 10 (in condition C) 

Tube 7 (in condition B) 

4n h3po4 

Tube 22 (in condition B) 

Tube 25 (in condition A) 

Tube 26 (in condition A) 

Tube 101 (in condition A) 

i*N H8S04 

Tube 

UN HC1 

Tube 33 

it HF 
Tube 35 

Rate of Decomposition x 10s 
(moles/min cm*), at ph8o2 * 0,oi* 

Treated VntreateA 

1 5.2 

1.9 6.5 

3.75 6.5 

3.75 

1 2.5 

1.75 3.5 

1.75 

1.1 

2.75 

3.25 

3.25 

2.3 

There is considerable irreproduoibillty of results, even 
where two tubes were taken from the same original stock of glass, 
and treated in exactly the same manner, as for example tubes 25 
and 26, treated with H3P04. 

Acid Treatment of Various Types of QlaSBM 

The effects of acid treatment of other glass surfaces ar© 
shown on Figures 15 and 16, and are summarized in Table The 
Vycor was treated with 2N nitric acid for 20 ho^rs î used 
silica, soft glass and lead glasses were treated with 4N 
phosphoric acid. 
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Table IV 

EFFECT OF ACID TREATMENT ON VARIOUS TYPES OF GLASSES 

T * 215 °C 

Rate of Decomposition x 10® 
(moles/min cm8), et ph202 * 0.04 atm 

9virf&Q.e Before Acid 
Trantment- _ 

Fused Silica 

Pyrex (tube 22) 
Vycor 
Soft Glass 
Lead Glass 

3.7 
2.7 
9 

43 

After Acid 
Treatment,, 

2 

1.75 
3 
2 

25 

The above summary emphasizes the fact that as towards 
removed from the glass surfaces, the activities converge towards 
a common value which presumably is actJ;^^i.°f0f1vvoor is 
Bpemlne slight increase in the catalytic activity ® ^ 
within experimentei accuracy. The activity of 
not aeoreeaed as much ae the others, presumably because ell of 
the lead atoms, which are bound more 8e®“”1J'0J0e^r^y1?emoved by 
network then are the other substances, were not entirely removeu y 
the action of the acid. 

MlHflellanftpp" Treatments 

indium Stnnnate - Sodium stannate (NagSnOsOHgO) stabilizes 
llauld^hydrogen^peroxiae°solutlors by hydrolysing to form colloidal 

f0o“Äerd.: K?hee0re^tsnon Ä^'lÄe'thTthis treatment 
slightly increased the tube activity. 

fi„irnr - The sodium ions in glass have been reported 
to react with gaseSus sulfur dioxide to 
(5,6). To see if this »reetmajt would poison the h ¿ 

f^ÄUTÄfn prevlouslyPtreated°with 5Í sodium hydroxide 

tha t^t he * act 1 v i ty o^theÜrface^^s not appreciably changed by 
this treatment. 
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Hydrogen fsrouldi) Solution - The e°®ra°h íníitBOt^lth^ydrogen 
^?ÔÎId“ïïqZfrt%Wsoe5 ?h*¿ ejydroge^peroxlde^solutlon.^ 

soekïng aforß20äiourrin a^^ ^rigen peroxide solution showed 
no lowering of surface activity (see Figure 19). 

"CtEKMim - When a Klssssurface 
contaot with a slip of . tJL crinss bv an Ion exchange 
presumably replace the sodium f9n® . i ti op A was treated 
mechanism (37). A Pyrex tube, he activity was unaffected. 
In this manner, but as seen on Figure 20, tne acpivio, 

Fugafl Snrf.naa - When a glass Is h®“te4 ° ^f^h^glass 
approaching the annealing temperature, intrlnelc defects on becomes more plane as the mechanical and Intr^slc defects 
the surface are eliminate^ Flgure 21 ^ows that e^i ^ ^ 
surface Is quite Inert, about 10 times less r a lfly ln a 
acid-treated Pyre* surface. Tube 1« was heatea^uni^ 
constant temperature bath to £90 C a^ ^^h ^ the other hBn4| 
in a time period of about c hou . “ r((ture of Khich was 
was heated In the bath to ®° > t ocn.O The lowest temperature 
lowered over a period of two hours to 250 c « 1° ^ on 
studied in this tube was 250*0; consequently, tne oacu p 
this plot was extrapolated to 215 0• 

Numerous attempts were "««»‘S.f“J* ^«í^efÍS prãcWcal 
flame because such a method would *>© ïri,nted Pvrex tube, was 
use. Tube 6, (In «h"4!«0”®’• fîeae^ppe^: The 
heated with a torch until t F ,u t te^0K the annealing 
temperature of Pyrex at this J hJw®g played up and down the 
point, which is about 500*0 f'^f^mpeiatuS for approximately 
surface so that the tube was a ... surface, designated 
one minute. The activity o on Figure 2? to be unaffected, 
as tube 6 in condition C> tube, tube 7 In 
On Figure 23 is the result of trea / .th exception that 
condition B, in a sJmJJ;er 5ube thereby heating directly 
the flame was passed through the tube, th °yd the activity, 
the catalytic surface. This llkewlss die nos in the 
A third Pyrex tube tube ICl ln ^ndltlon A, wa^ 3 mlnutes_ As 

?nerrnrFÎgu™l4’the activity was not lowered. 

All of these attempts were u9BUoe®®(ul ítormly^Th^defects 
Silch may"have b«n remov'e^'p/oSably0reappeared as'the surface 
was cooled unevenly. 
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A Pyrex tube, tube 26, was heated to ^30 e. 
bath for half an hour. It Is seen on Figure 24 ^at this did not 
decrease the rate of decomposition on the surface. The ^Pe^ure 
and duration of heating were presumably insufficient to fuse the 

surface. 

These results indicate that defects in a glass surface, which 

are electron donor sites (7, 25), ere active sites for the 
decomposition of hydrogen psroxlde vapor. When theJe£®0^®.®re 
removed by fusing a surface, and the ions are removed by acid 
treatment, the activity of Pyrex is decreased by a factor of about 

40. 

Activation Energy 

On many of the surfaces decomposition rates ™re measured 
over a moderate temperature range. On Figure 26 is Pl°^®d 
logarithm of the observed decomposition rate as fí the 
a partial pressure of hydrogen peroxide . °luf th® 
reciprocal of the absolute temperature 
activation energies corresponding to the slopes of the lines. 

It is seen the activation energies are smell; ohan^e in 
tenpereture from 180«C to 250«0, for exjmpie, Inore»»«» the 
reaction rets by a factor of only 2 or 3. Although the rate of 
reaction at a given temperature varies by a f actor of 100 or mor® 
from on’ surface to another, the active«on energies ere all nearly 

the same. 

Multi lay^ Adsorption 

At temperatures below 150°C, the decomposition rate was 
found to moraaSÆ. ^1 th a decrease in temperature, contrary to the 
usual expectation. The effect of temperature at a fixed value oi 

the H202 partial pressure is shown on Figure 27> and tures 
shows the effect of H202 partial pressure at each of two temperatures 

studied, 110® and 120°C. 

This effect is presumably caused by a very large increase 
in the amount of hydrogen peroxide adsorbed as the 1 ]-s 
lowered in this range. As a guide, Figure 28 shows the partial 
pressure of H202 that would exist in equilibrium above a liquid 
containing H202 and H20 at 110®C., and also at 120 C Tae 

the higher partial pressure of H208 are qqVoo are in 
made at 110®C. and partial presaires of 0.08 to ln 
the range for condensation to occur. Kowever, the data at the 
lower H202 partial pressures, as compared on Figure 27, are 

uneouivocal. 
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The adsorption of vapor fro» 8,0,-1),0 vapor ™^ont° 

KlaBB surfaces has been Taires end Frost (33) 
Ouellet (2), Mackenzie and Hltchle (17), *8“r®“r^on of the 
and various tests have lnílos*®® LÍ! adsorption has been 
vapor adsorbed was hydrogen p ro . o although, of course, 
noted at temperatures as high as f ^hl retl0 0f 
the amount adsorbed ^oulî fL por example, recent studies 
total pressure to saturation P^es®u¡'®• Sn0CX showed that the 
on adsorption of water vapor on glass at 30 
thickness of .the adsorbed ley^.^nRed frora 620A 8t 7 0 
0.9976 to 37A at ?/?o of 0.505 v9). 

The decomposition of highly purified aqueous ^rogen^rozide 

Â^l^^âteï^Â^nt of^Ä 

ï?n!l?Sîrthï!r!seL!%o^ens^lon tem^rature^ls reached oneeition 

neroxide vapor mixture containing 0.10 axm 2 2 
H80 at 120cC,, its saturation pressure. 

A%aS!eSí8 f(26)0!rïh!0?a!rofadeoom!osnioLôfrve!ythlgÎiy 
0tL!!d qSríeo liquid at 100-C. In small laboratory Pyrex flasks. 

They'reported*1 that*their !eaLlon was almost wholly heterogeneous. 

Using their t<“mP'“rp^uret?!?!Lf!h! !Lfãoe-!volume Ltl¿ of their 
temperature rise and estimating p “u^8al t aeoomposltlon rate 
vessies to be about 1 ° k ’a 5 v in-« !oles/(mln)(oms) at 120«0. 
In the liquid phase of about 2 x 10 . /^,,)(cm2) which Is the 
This is to be compared to 7.5 x 10 “^^“'Ludles for vapor 
approximate value extrapolate ™ the considering the 

at 120°C. The «»"I188180" pLex surfaces and other factors, 
possible ^^^’““LthÜÍ ls Ü abrupt transition In the decomposition 
and it suggests that there “S’, the vap0r phase. Very 
mechanism as one goes from th ' ^ . ieporPtory vessels show a 
highly purified liquid H,0, »^^^^"StiatLn (l.e. zero 
decomposition rate wh.ch is P' _ znt0 ^he above analysis, 
order) so that this does ^te ^i^ ^ C8lcuiRted from the 

data°reported b^süumb (30) on very pure samples but of slightly 
lover concentrations. 

Both and Shanley reported that In their studies at 30=0,^^ 

portion of the decomposition 888“LLt! n!?!a !n !ha!glng the 

i!t^eorïïeS!r^s!f s°u?f^! to^llquld°volume by varying the 



liquid content of a particular Th%rp£; 
on immersed surface was estimated by them to be a 
great per unit area as that on surface exposed to the vapor. 

lntroduoedhbyr°egleo1;lng1the6po8Slbillty°of^heterogeneou8V8por-pha8e 

H808 in the vapor phase. 

Pqlvmers and Plástica 

Because of the thermal properties of these organic substances, 
some were studied at 215°C while others were studied at 120 C. 

High Temperatura Polvmerfl 

Fluorolube A Pyrex tube was “'Jf ofedecMposltlon 
addition polymer of trlfluorovlnyl chloride, ine "tlvlt J,f 

lliïlllhll tXlTuiïi Of eflîoà1 when-the hydrogen peroxide 
partial pressure was 0.0^ atm. This polymer is s a in 

the^vertleal8sealed1tube^ePThe°8Ct1vltyof°this°tube^designated as 

condition B, was again detftrm1^* S!u”t°îhe piuorolibe no 
rate of decomposition increased indicating e t 
longer coated the Pyrex tube. Another indication ^sà^e^cíubee21 
although water will not wet a Fluorolube sun ace, 1¾ ui 
in Condition B. 

^ drrP?6¿othn2Í^o17i2fiorlymer Ihe's^aoeTt«^9’ 
:r2i"c8w faerodatpï:oed2cLxlafly ln a’Pyr^x tube tube 25 (in 

u\. 4- Toner wnq p Teflon strip pieced in a ryrex uuoe, 

iK^e%°Æ 
^hereas^Teflon^^hlch ÏH” “tfefbÿ ZtlTvrãll^ would’have 

lovr adsorptivity for H808. 
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Methyl Silane Methyl trlchloro silane bonds chemically 

The^rate o°f \{^/^he 
ssOsste i&srf&ãSfís&êã1 vapor; the activity of the surface was slightly less tnan tnp 
the untreated surface. 

Low Tempernt-nr* PQlvmerfl 

Methyl methacrylate is one of the few poiymerSgWhich^wlUof 
form e oontlnuouB stable film on Klees (11). hvdropen peroxide 
Sis substance on a Pyrex tube vas attacked 

ss vrsLiiS/sS”“»! 
r’w.; .K .u«* w« « 

vapor. 
The activities of several polymers at 120'C are shovm In 

Figure 32. 

Saman I» the first column »S^rlc^uSfarerwSnlhShyd^n0' 
decomposition on the various polymeric surie of 

rates of ^»pSS on of 90^ hydrogen 
peroxide llculd on some of these surfaces f ^SStic ^tSlty of 
rrurScrf^rS.0rS rc^sSSrcf^d?J/peroxide lldUld 

HoS«o»Rrih.%Âc/uSnâtTÍ^OWSe pÍasUc Ss In 

an almost molten state. 
Teflon is the most satisfactory polymer for use with hydrogen 

peroxide vapor at ““««lately elevated^emperatures^slno^^^^ 
unattacked. However, because Koroseel for short term usage. 

in causing increased decomposition rates. 
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Surface 

Table V 

RATES OP DECOMPOSITION ON POLÏMEHS 

Rate of Decomposition 
of Ha0a vapor x 10* 
(moles/min cm2) 
Pu a* 0.04 atm. 

Percentage of 90* 
HgOa liquid 
deoomposed/week 

at 66°C. 

T « 120°C 

Pyrex 

Teflon 

Koroseal 

Methyl methacrylate 

Polyethylene 

T * 215°C 

Pyrex, acid rinsed 

Pluorolube OR grease 

Teflon 

Methyl Trichloro Silane on Pyrex 

2 

5 

14 

5 (attacked) 

30 (attacked) 

about 2 

1 

24 

1 

2.6 

18-29 

1.7 

1.7 

2.6 

Metals 

Only metals to which hydrogen peroxide Is 
rere studied: stainless steels types 3 3» 2h * at>¿ut 0.23 cm 
;ln and tantalum. In each case, a rod of the metal about u.o 
n diameter and 16-17 cm. long was placed coaxially in a *;yr x 
uv»» Thp rpte data reported were calculated from the aiiierenoe 
»twien’the rates of decomposition with and without the rod present, 

ialculated per unit area of metal rod. 

stainless Steels 

^^r^^1ItFÍ^nIpo1ird%falnÍe^s^eír30Oh,1oren 
and 4l6 are Riven on PlRures 33, 

Of the Setal so that eventually the surface Is levelled to a 
microscopic plane. 

On these eieotrolytleally polished steels there was no observable 

SÍ^SdllSf^twSe^uSr^rrnH^1^ S » tw¿ hours; 
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th. time between nme 273 ^ 298 on Pifare 
and on Figure 351 the tln* ^„“^"theae surfaces had been studied to these determinations at 150«C these surfaces na^ catalytl0 
at 120.0, which may have onused an Inltll Kl B a steadlly 
activity of the ^rface of stainless steeple ^ affeoteâ 
with time during runs et 12° C, but . stelnless 
only slightly. It h« beet, reported tha^al^o^^ (3)_ al ough 
steels are bronzed by 90> hy g P reported to have greater 
stainless steels 20LíL ki6 becausethey contain nickel, 
chemical resistance tha type 1 wlth the exception that 

tyy^833033l8nso3f°tïra^cause traces of selenium are present. 

mmefl nna fnnnlvnted SurfaOM ^be ^ebes^of^decomposition ofeei9 

hydrogen peroxide vapor on plokiea an P comparison 
3 3-00^ are presented ime/ts greatly 
ÄdT. oataíytl^aotlvltles of these surfaces. 

In the pickling operation the steel ^¡utee 
by weight sulfuric aold.solutlJ£ *lminersed In a 8-10/^ by volume at 150-160°P. The sample was then 1m r ed 1 » hydrofluoric 

Ä°nÄÄ ÄW,w!fh Ä^ts ff Fe.0. 

(7a,l6a,32a). 

m 1 Je4P^^7f20-40^01 trïf’afîd ffïStlon^foo mixtes at 
^17^127) ?heÄ| of ms tre^mentU to form^a 3? 
resistant oxidized film oj jhe me al. ia ls n0 le8s 

reactiv^thw^that peroxide on a pickled surfsce. 

AI umlnum 

Elfct.mPOllBhaa ^h^8BOtThetelapsfdetlmerb^tÍeenerunsU304Uanr305 
is ®hown on Figure 38. elaps^ ^ aurlnK these studies. 

Â^mlmm ïs iot chfmlfally attacked by 90* hydrogen peroxide 

solutions (3). 

After completion of an ^^^^^g^tlororsulfurlo and 
phosphorlc^acldßaleThe0flnalWsurface therefore probably consisted 
of admixture of oxides and phosphates. 

ipaiini A hard stable oxide coatIng y8|^a™g8n°pe roxldiTdecomposItlon 
anodizing the sample 122). me rauc u 
can be seen on Figure 39. 
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flema An oxide m* oan aleo ^formed on 
the sample In a 8o1^J.°n-°°¾81 Then the’rod Is Immediately Immersed 

v^v¡ H?nSh8oÄHMr 
from ?h?t'of ¿n pnodl'edBurfeo«. The rate of decomposition on 
this surface Is shown on Figure ^0. 

Phnenhated A PhosPhct« ^11° “J" ^e formed on of this surface 
it with a phosphoric acid solution (Ifi). The active. 
Is shown on Figure 39. 

Tin 

The tin used In this work was ^^^¿^^¿gt^rmlne^o^two °f 
decomposition of hydrogen peroxl tetrachloride and water 
samples, on. of which was rins d n carbon tetrachlo^ nitrlo 

to remove the grease, ana orntes 0f decomposition 

fredoñ0n^ro il. ^.“cld at?s¿k.d the tin violently and formed 
a visible oxide coating. 

Tin is not attacked by 

^ trÄorwlÄ^ ïn temperature (23». 

Tantalum 

The rates of hydrogen P*f ^^„"^^^^r^n^plece“«0 
were determined on two samples P vroter while the other was 
degreased with carbon tetrachloride and water, whlle^ ^ 120OPi 

The8tresuSshon P^ro W Indicate that the rates were equal on each. 

». ¡(“iS«™“»“"“ ^ 
metals to oxidation. 

Summary. 
in th. flrst colum^ofjable^^ar^aummarlze^the^ates of 

lurfaoes'when the partial pressure of hydrogen peroxide was 

),03 atm. 
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TABLE VI 

DECOMPOSITION RATES ON METALLIC SURFACE AT 150°C 

Vapor 
Rate of decomp. x 10* 

("oTes/rain orna) 
(P Ha08 = 0.03 atra.) 

Liquid 
Percent of 

90# H208 
Decomposed/week 

66 °C 

Stainless Steels 
303 Electropolished 

Pickled and Passivated 
304 Electropolished 

Pickled 
Pickled and Passivated 

416 Electropolished 

40 
17 

125 
20 
20 

115 

2S Aluminum 
Electropolished 
Phosphated 
Anodized 
Pickled 

110 
105 

45 
35 

Tantalum 
Degreased 
Acid treated (nitric) 

42 
42 

Tin 
Degreased 
Acid treated (nitric) 

45 
31 

50-60 (nitric Acid) 

3 

6.4-28.7 

It is observed that pickled stJ,1p1®®®tS¿gg^a^eeproperties3for 

Ise KÂo"rõSe°vãpo?. It Is posstble, hovever, that with 
;ime, the stainless steel surfaces may age. 

Other salient observations Tron this Amoved 

steels becomes 1!s??>e“Í^eCoetlws on aluminum are less reactive 
from the surface, (2) oxide coaling tln surfeces are 
than phosphated °°a“”í5®Í gad stainless steel and aluminum surfaces. 
dowever^they^r^much Srffxplnlîve than the latter materials. 

Although the data ^^^/ríeirÂt^erSe^actmtKr86* 
forth^dL^osUiri^thn^uld and vapor on these metallic 

surfaces . 

.... ää s:r tä-ää’"' »•” 
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decomposition on Pyrex, which at 120 0 ^®r^°t^®ygpyabsorptlon 
temperature changes, presumably because of multilayer aos 
effects. 

Rnnntflnr 

Dftrlvatjrm of Ente EQUatlflfl 

In three reactors (t*o consisting of boric 
Pyrex, the third a pickled 23 aluminum surface)^ a su decomposition 
range of conditions as a ?^o?ion of temperature 
rates could be expressed \odel Is assumed, l.e. 
and composition. If 0 mníioinver on various active that the reactants are adsorbed In a monolayer Ontario prooeede( 

sites on the !uJo®0®art0U8 Reaction mechanisms with each 
ofUeeveral°rate-controîîlngrsteps. Th8 «“xldf6 
considered: (1) «“«""’’cnraSto^mSiecufrorSd^.n 
molecules; (2) reaction between o h Rft. (o) reaction between 

1r0Xi,dd OHdrâdîeaîs «salting f?om the dissociation of a hydrogen 
adsorbed OH rPdicals> resUi?~*°- _iv ndHorbed hydrogen peroxide 
peroxide molecule, and 8 ®^®°UJda^beJ 0H radicals and a hydrogen 
molecule; (M reaction between a uncatalysed reaction 
peroxide molecule in the V8P°rtn^®®»^thefo^wingyrate-controlling 
1« the vapor phase. "^f^^co resotÍõnfontrolUng, 
(2^Praterof0edsorptlon o Sol.ouUr hydrogen ^rox^oontroningj 

fJ™eray4rrsuer^’mo«%Ä. ^uU^d1SSfha5l.i and rate- 

controlling step.) 

The experimental results for the decomposition on the three 
surfaces all fitted an equation of the form. 

_ **Ha0a ___ 

+ y^sO/HaO# + ^sO^aO^ 

(1) 

A de 

,f the fifteen derived nelatlonshlps only three aooeptab^fltted 

’pised to the first or third power instead of the secón 

For a Pyrex tube coated with boric oxide with a s^8®e“to“ 
ror -ï t be o ln conditions A, B, and D, 

volume ratio of 1.75 cm » -, purvea f0r the three 
the experimental data and the ® 43 44 and 45. The 
temperatures studied can be seen on ' an 
temperature dependent terms for equation (1) are. 
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-11.3 X 103/HT 

%»o, ' 7-34 * 10’ 6 
7.76 X 103/HT 

h,0 * 3.82 X 10"3e 

aKH»Os 1,1 

^»0?c^ the0reM081 

- rriÄrrA!»: irÄ-âeÂ 
surfpoe 
terms are: 

% 
9.18 X 10* e 

2u8 

«• 6- 

-6.36 X 103/HT 

13.97 X 103/HT 
3.15 X 10 e 

aKH808 - 1.05 

The experimental data and theoretical curvee are plotted on 

Figures ^6, t ßnd ^°* 

.„».MÄ ÍS.! !ä 
for equetion (1) were found to be. 

^Oa " 

«HaO - 

aKH80. 

2.72 X 10“9 e 

1.12 X 10"11 e 

0.111 

7.4 X 103/fcT 

20.9 X 103/HT 

Because of dlffuslonal ef^^®’ ^gg®reB1andetheSbîllktpartial 

^r/uíeí^hlcríruld ^ -^-^-/^enrraîloe™ ™tethe0eqrueaUone" ' 
feS«cïîd0ëuCghtiy0eâfnf°ect8the values of the temperature-dependent 

terms. 
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Reaction MftohnnlBmB- 

Th« mechenIsms corresponding to the three aooepteble equations 

are: 

1. Reaction of adsorbed OH radicals and moleoularly adsorbed 

hydrogen peroxide 

a) Desorption of water controlling (denominator of 
equation (1) raised to first power) 

b) Surface reaction controlling (denominator of equation 

(1) raised to third power) 

2 • gasnphasf:?rh1heHrafe10oef ^uïïace^rraftïor coítrolUng 

(equation (1))« 

.. „SÄKS »7-HAE ÄÄÄ?"”1 
two adsorbed OH radicals. One o ndSOrbed or In the 

with a hydrogen peroxide mol®Sui®»0^t^dloal ^he 00H radical 
vapor phase, to form water e”0°"d^^Ca:;rh8pS wlth the aid 
then combines with the ad jace OTVÍren ¿hlch are then desorbed 
of a third body, to form water and ^^n which are ^ 
to leave the original two adjacent unoccupiea ac^i for 

It has been hypothesized In this work tha . a lble that the OH 
decomposition are electron donor sites, it Is possioie 

and 00H exist as Ions rather than radicals. 

This reaction mechanism is Plso.°°n®J^g^^experlmental^61* 
reaction, which has been repor e u ^ the 00H radical were 
conditions by other investigators l2,10J.n ^ form as products 
to react with another lnste8d of reacting with 
water, oxygen and an adBorbed^ then ?he model would be 
an adjacent OH radical ^t^°P^teS a% ¿ccup?ed wlth either an 
8 surface on ihe reaction rate would be proportional 
OH radical or an 00H ihTlOT,nYi<qp molecules which react 
to the concentration of hydrogen pero ' first order reaction, 
with these adsorbed radicals, which describes a Iirst ox 

The model system considered here Is 

simplification °^ th* therefore one*must be somewhat skeptical 
Iftif ônôïusronï’aslo^rmeohanlsm involved when they are 

based on a matching of ^defs. ?eï the steps 
found against those derive consistent with the steps 
of this heterogeneous mechanism are , vaoor (28) and 
proposed for the homogeneous d®compo®^J;0bh°fhom0geneous and 
for the reaction steps propose o liquid (1). I« studies 
heterogeneous catalytic deco^p°®^1 f hydrogen peroxide liquid on 
of the heterogeneous decomposition oí hydrogen prxu 
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adfaoeñi “rnlneLStoñris'fñeoeLary 

condition for the decomposition. 

HnninrfTi*ong DftOQ^QsiU.Qfl 

The homogeneous décomposition "“^^“d experlmentol 
until relatively high temperatures eteach otei under theBe 
problems then are quite 41^0U“' t™y dd provide some Information 
TnS th^mapnltud^end6characteristics of the homogeneous 

reaction. 

Vprlptlnp pf Surfprrf Vol^ Rptlttfi 

The surface to volume ratio of a borlo oxide coate^Pyrex 

tube, tube 9, was lnore88e^f^“0^Blu0n were appreciable In 
determine if the homogeneous ?cAor This chenge wes made by 
the temperare ranme from ^l^atedVrex rods 
adding to the tube a bundle of borl ^ ^ comparison 
which uniformly filled J ^°s®t8ig0cc cen be made by comparing 
of the rate of decomposition \£“nd u7¡ e„d at 250-0, 
Figures t] eSd 98Í effect that the rate jer -»^re^o^surface^ 

i? "dfcl^ sOTfaoe^shows iLl^eonl reaction can not 
be detected at these temperatures. 

fliprh Temp^pptMrp Studies 

The rste of ««^^^'’^“^’"wariOTestÍgaJfÍn three 
Pyrex^tubes^each of°whlc^ previously ^d ^ treatedfWlth M 

f„°dervM 300 °Ärs ^ shown on Figure 50. 

Two facts show quite clearly rtl^oT^ 
to homogeneous decomposition o_ decomposition rate with 
U00 to VC; U the sharp increasefinrdecomPbeg dlffe t 

temperature and (2) the fa (heterogeneous) temperature region 
decomposition rates in the temperature region. The data in 
but the same results in th® . d L H o2 partial pressures of 
the heterogeneous range were o ^ homogeneous range from 
0.025 to 0.038 atmosphere, th£®e J. th resuits on a comparable 
0 006 to 0.029 atmosPhere8-e^?nS were recalculated for a H202 
basis, the rates of ^^“PJ^^re assLing that in the homogeneous 
partial pressure of 0,0 .. n -,J to the 3/2 power of the H202 
range the rate ^Pr^^^erogeneous range that the concentration 
concentration, and in hf u / t loVier temperatures, 
effect is the same as that founa ft; 
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Analvsis of the data in the homogeneous range is ™®d® 
difficult by two factors: (1) the rate is so r*Pld ™d!J\these 
conditions that a large fraction of the HgO* «Bering ^emu8t be 
reactor decomposed therein, so that for data analy y.ar.rtrtpd 
trestêd es en'Integrei reactor', (2) thetemperetures reported 

are an garage of the ^^^^f^f^la ectory meLuîe oHeectlon 
etfoeperÍe?u^whrnare0eÓ«oÍht^í: Pl - exclual ely on the^tube^an. 
However In the homogeneous range the yth tube walls 
may cause the vapor to be appreciably hotter than the tube wax 
To estimate this factor, the tempereturevarletlonofthevapo 
as a function of tube length was calculated for varlouslnl t 

If] 050^/(St)(5p,)(??!îrtheeiat^rÂ based on the 
Reynolds nuiber with allowance for enterlngturbulence It was 
concluded that for only one set of runs (Buns 2?0A, B at, at 
l»6o°C and /P ay - 0.029) was this factor an appreciable sourc 
of error and that here the vapor temperature wasabout 10°0•• 

the Arrhenius equation with an activation energy 55 

To analyze data from an integral reactor requires knowledge 

Silc^raveraÄ^Ä 

the^ataTãfteí whlõh°the ^^ml^íhfrêeôtíon 

i.r.fÄÄK,'; A‘5"ÄT;r SK e,™» 
pressure, 

dn. ÏMi 
Vde 

3/2 
kp HpOj 

(2) 

where the average value of p ie glven by* 
2/3 

P Hs0 2W2 

1/2 1/2 
P in Pout + Pout_Pin_ (3) 

HgOa partial pressure o ., slope 0f this curve correspond to 
the homogeneous reaction. Tïe 
an activation energy of about 55 kcal/gm.mol . 
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To oheok the „sumption of a 3/2 orter reaction,^at^obtalneâ 
at 460«0. ana several o^oentratlona W purther evidence 

for ll3% ™?eac?lcn cornel f^tírdata of Miss Huang U5) 
which were obtained In the same ^^^^“^teraíneHrom 
principally In that the reaction P . reaction tube. 
5 thermocouple wells placed equldletantly along the reac i 
A group of 9 runs at temperatures between 466 Card 489 t. 
and at mean H,0, partial preasures of from O-OOl^to 0^35^ 
atmosphere were available for ^B3™“o ^ Arrhenius equation 
converted to the common basis of 475 t. us^h; h the äote 
and an activation energy 35,0004081. clearly correspond 
scatter somewhat, the results, shown on Hlsure 52, ^^ dJon3er_ 
to a 3/2 order expression ratbfbScaB“4 0-02 p£irtlai 

The da^ °i H1^ "nfflïwîng for the difference In reactor volumes 
correspend'to*a'rate of'homogeneous reaction about 30* less 
than thpt shov’n in Figure 50. 

Only one other study of the homogeneoua reactlo^tha^ls more 

than fragmentary bas been "P»f^;o^e pressuré of HS0S and 
everage conceritrftionsrt°f1,2ô0^o®C Inboric ecid-coated Pyrex, 
below at temperatures of 47°“542^ain °der expression end in the His rate reportedly followed a first-order expressi ^ 
lowest surface-volume ratio 
reported an activation energy of 50,000 calories. 

i Av»ivM»iY»+ont differences between his experimental There are several important dll ^ence concentrations 
conditions and those in the lt dey¿reater: the surface-volume 
here were one to two orders of ma«^ïu5e^rîa qq’ ared to 3 om"1 of 
ratio of the present vessel w®8 g^g flow whereas 

rLaíra^^3™e;clo¿tObthattOfoa complatrelyrmlf dy 

5cUnarif Sa ?”a1s taken J0 be Proportional to the 3/2 power, 

“rfsTowÄ ÄVoSÄl^ ?s raised. 

The most probable initiating s <p in the reaction is 

Hg08 + M 20H (4) 

initiating step, formation of H and OM. 
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end 

Chain propagation is most probably by 

0H + H.0» -+ OOH + HgO (5) 

00H + H.Oa-^ HaO + 02 + OH (6) 

both of which are exothermic 
^fh^r/ls o'X'iïoiïîlZtio* reactions of OH or OOH. thus 

l ) 

20H + M 

OH + H08 + N 

2H02 + M H202 + 08 

(7a) 

(7b) 

(7c) 

If the rates of repctl°ns Q*g(pnts pn^reactant concentrations, 

terms of the pf,^rop^leÍ'f destruction of each of the free 
end the rete of P¡;°du°“0" £ a/lve the following expression: 
radicals is equated, one can aei i 

dn lMz. 
VdO 

3/2 

?H202 
(8) 

A 3/2 order expression J® ^^^^hosen instead°of (7a). However, 
radical combination reactions ‘ ctlon8 Pre regarded as 
if 3 body free rpdJcplt^ï^Pis P.88Umed to occur by adsorption on 
negligible and chain sto5plric;1^?.nri iPods instead to a second order'expression/^Th^fec^thet the deoomposltlon^rete^ln^fset 

redlcel^recomblnetlons^wer^the ZI stoppln, mechenlsm here and 

not wall reactions. 

The existence of ^//^eTth^^i^AfVclHsion/0" 
°oi KÄrdÄSsM the energy Is greater than 

55,000 calories/g.nole. 

The measured decomposition rate at ^60 1017 molecules 
pressure of 0.°2 Ãssuml^thet the frectlon_g^olllslons 
^rir^^v/tlo/errgles-greeter than^SjOOO^uels e^^.^ 

number of such collisions Js activation energy may 
Êïen allowing for the possibility that the a^ theref e that 

th«8 f rect ion6 o/ef feet Ive^oo Ills Ions may be somewhat greater than 



w 

e-E/HT^ lt 8ppef,rs thet long ohPine ere involved here, perhaps 
of the order of magnitude of 106. 
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G 3 DECOMPOSITION RATE OE HYDROGEN PEROXIDE 
VAPOR ON BORIC OXIDE SURFACES (T . ZlS'CI 

TUBE DESIGNATIONS (SEE TEXT) 

0 4 

0 5 
0 6 
X 7 (CONDITION Ai 
A 10 (CONDITION AI 
A B (CONDITION Al î ; 
V 9 (condition ai " 
• 22 (CONDITION Al 

:♦ ■t 

yy.+y--, 

r nm 002 0 03 0 04 0 05 0 06 0 07 
hydrogen peroxide AVERAGED partial pressu e 

6 DECOMPOSITION RATE OF HYDROGEN PEROXIDE 
VAPOR ON PYREX SURFACES IT «215 Cl 

FIG 3- DECOMPOSITION RATE OF HYDROGEN PEROXIDE VAPOR 

ON SOFT GLASS SURFACE (T«2l5#C) 
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FIG EFFECT OF TREATING A PTAEX sul,fACE 
WITH 200 PPM SODIUM STANNATE SOLUTION 
ON THE DECOMPOSITION RATE OF HYDROGEN 
PEROXIDE VAPOR IT.215*0 

- 0 0 01 0.02 0.03 0.04 0.03 
HYDROGEN PEROXIDE AVERAGED PARTIAL PRESSURE 

( ATM) 

FIG 18 EFFECT OF PASSING GASEOUS SOj OVER 
PYREX SURFACE ON THE DECOMPOSITION 
RATE OF HYDROGEN PEROXIDE VAPOR 

0 TUBE 18 (CONDITION 8) 
BEFORE TREATMENT 

□ TUBE 18 (CONDITION C) 
AFTER TREATMENT 

0 0.01 0 02 0 03 0 04 0 05 OT>G 

hydrogen peroxide averaged partial pressure 

FIG 19 effect of treating a pyrex surface WITH 
HYDROGEN PEROXIDE LIQUID ON THE 
decomposition rate of hydrogen peroxide 

VAPOR (T « 213*0 
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FIG 41 DECOMPOSITION RATES OF 
VAPOR ON TIN SURFACES 

HYDROGEN PEROXIDE 

|T . 150*0 
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