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I SUMMARY

The "steady-state" ¢ catalytle zctivities of gold, nlatl-
num, and palladium in the decomposition of liquid hydrogen
peroxide were determined under conditions which controlled
the effects of various pretreatments of the metal surfaces.

The pretreatment of a metal surface with nitric acid was

found to have varyving initial effects on the catalytic activity
of each metal studied, 1In gold the catalytic activity of the
metal surface was initially low. Subsequently its catalytic
activity would rise to & maximum value and then approszch

a slightly lower value as a limit. In platinum and valladiunm

the pretreatment of the metal surface with nitric acld resulted
in initially high values of catalytic activity which subsequently
decreased to a limiting value,

In these experiments the effeects of prolonged experi-
mentatlion in hydrogen peroxide on the metal surface were
simulated by continuous immersion of the metal foil in

..4

hydrogen peroxide for periods of over =z week, This method

of pretreatment produced steady-state catalytic activities

in all three of the metzls studied. The vazlues found were

as follows: gold -- 0,45 + 0.05 ml Ogp/min per sq.in. of surfeace;
for platinum -- 1.6 + 0.1 ml Og/min per sq.in. of surface;

for palladium -- 2.55 + 0,05 ml Og/hin rer sg.in, of surfaece
Although these values ere at slight varience with the results

of previous inveSuigatlons evidence has been found that those
investigators had neglected to carry their expverinents to

thelr logical conclusions,
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711  INTRODUCTION » )
Rate data on the catalytic decomposition of~1iquid hydrogen
are desired in many aress of interest to the chemical engineer,
On some fuel cells hydrogen peroxide.is the undesired by- »
product of electro-chemical reaction. On the other hand, it
would be poésible‘to bulld a fuel cell using hydrogen peroxide
as one of the chemlcal reagents, if only enocugh information |
were avallable on its catalytic decomposition. Also since
the decomposition of hydérozen peroxide was one of the Tirst
catalysls reactions ever to be observed, 1t has long been of
interest in the field of catalysis as a basic reaction,
Recently J. Fahrenfort (1) completed a2 study on the
catalytic decomposition of gaseous formic acid on metal surfaces.
His finding show that the decomposition reaction procedes |
via the formation of a metal formate Iintermediate. By
studying the rate of decomposition as a function of tempér—
ature, Fzhrenfort found diserete values for the entrovy
of activation in the reaction. These were directly related
to the sum of the entropy of formetion of the metal formate
and the entropiles of adsorption and deSOrption.Of formic
acld and its products respectively.
The catalytic decomposition of hydrogen peroxlde 1g in
geveral ways slimllar to the foregoing catalysls reaction,
Both are heterogeneous reactions,'although one is a liquid
decomposition while the other was studied entirely in the
gaseous state., However both exhibit the complexities of
heterogenéous catalysis. Both reactions also take place
readily on metal surfaces, Futhermore there is exidence for
the presence of oxidevlayers on even the noblest of metals
in the nresence of hydrogen peroxlde; and one suspects that
hydrogen peroxide might decompose via an oxide or peroxide
intermediate. - ’
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A, The Problen ; B

~In 1959, P. K Sarda (2) was able to 1solate the
effects of various vhenomene involved in the decomposition
of-aqueous hydrogen peroxide on metal surfaces. His
'study showed that. the reaction is surface controlled and
follows Tirst order kinetics for fourteen heavy metal
catalysts, exceptlng silver. 1In his experiments he
‘exercised control over the purity of the materials used
and the supersaturation effects of 0xygen in hydrogen
'peroiide (3). The neglect of tnese latter two vaeriables
had in the pest given rise to meny misinteroretztions of
data. | _
},ﬁ Recently E. Buck (&) gompletéd a study of the effects
of various pretreatments of the metal surfzces in the
catalytic decomposition of hydrogen peroxide. The object
~of his pursult was the steady-state catalytic activity
of géldAand platinum surfaces, Pretreatment of the metal
urface by short (1 to 5 minutes) dins in 57 nitric acid
was found to be the most satisfactory method (5). The
velues he reported for the catalyuic activities of the
metals agreed with Sarda's values to within = Tactor of two,

The object of this study was then, 1) to reproduce
Barda's znd Buck's data, and 2) to ascertain a procedure
for obtaining accurate and repnroducible values for the
catalytlic activities of platihum, gold, and palladium,
exprecsed in ml. of oxyzen evolved per minute per sguare
inch of metal surface, |
B. Appardtus ‘

The apvarstus used in these experiments consisted of
a sealed reaction’chambeb immersed in a thermostatic bath
and an oxygen recorder with which to measure the decompo-
sition rate of the hydrogen veroxide, On the following
rage 1ls a diagram of the épparatus, except for the oxygen
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Teflon cylinder with slit for foll susvension,
Thermoregulator for thermostatic bath,

Oxygen outlet. Glass conector fitted to tygon tubing,
Rubber tubing inlet for circulating water,

Rubber tubing outlet for circulating water.
Teflon-coated magnetic stirrer,

Three-necked, one liter pyrex flask (reactor).
Heater, |

Glass stopper, wlth hole fitting teflon cylinder.
Glass Jar, 16 inch diameter,

Thermostatic bath thermoneter,

Te Reactor thermometer,
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hﬂﬁgi .recorder; The oxygen recorder was simply & 50 ml, tive,
| callibrated to the nezrest 0.1 ml,, in which oxycen
displaced an agueous MgCla solution at a vnressure
regulated by the height of a pressure bulb, All readings
were nsde at stmosvheric pressure., The Mgclg solution
1 was saturated before each run with oxygen from zn out-
'}- side source. The metzl folls used were suspended inside
| - the reactor from a slit in a teflon cylinder, All
 reactions were clow enough for accurate rate measurements.
4180 a circulatlon pump wzs used in a two-fold purposes

Tiret to maintain agitation in the thermosiatic bath
while also circulating water at the reaction temperature
around the oxygen recorder tube., Agitation inside the
reactor flask was malntained by a teflon coated magnet
overated by a magnetic stirrer. Lastly all materisls
in contact with the ﬁydrogen peroxide were either glass,
teflon, or the metal fbil to be studied,
C. HMaterlals Used

1. Gold and Platinum foils were obtained from the

Laboratory Supnlies at ¥.I.T.

2. The Palladium foils were those used by Serda
in his thesis work. Their numbers in thig
experiment correspond also to Szrda's numbers.
Sarda's foils were originally "pure" palladium
from A.D. Mackay Co., New York. |
The Hydrogen Peroxide used 1n 211 tests was

(3]
L ]

unstabilized SP-50 obtained from Eecco Clemicals,
Buffalo, New York. This 1s the purest form of
hydrogen peroxide available commerciaslly, and it
contains not more then a few p,p.m. of impufities
or stabllizer,

4. The water used in dilution of hydrozen neroxide snd
In the final cleensing of all nmsterials to conme
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into contect with the hydrocen neroxide wes
distilled water, which hzd heen vercoleted through
a mixed ion exchiznge eolumn., TIn this renort it

1s henceforth refered to as "delonized water'",




ITIT PROCEDURE
Experimental

The following stevs commrised an experimental run,

The concentrztion of the hydrogen peroxide was
Tirst determined by titration with 2 stondsrdized
KMnOg solution, The titration and stendardization
procedures are detziled on vage of Schumb,
Satterfield, and Wentworth (6),

The agiltation of the hydrogen veroxide solutlon
was then started to rid the solution of super-
saturated oxygen.

Oxyzen was next bubbled through the MgCls
éolution In the oxygen recorder for 5 minutes
to attein a state of oxygen saturation in the
solution,

Fine adjustments in the temperature of the bath
were made at this point to assure the proper
temperature, usually 30,0°C. .

The blank rate of catalytic decomposition was
measured off and on during the next half hour,
until an accurate measurement of a constant
blank rate had been made,.

The metal foll was then cleansed and pretreated
in the manner described in the next section,
usually ten minutes before beginning the run.
Just before the run was to begin the metal -foil,
wihich had been expoéed to air in a clean and
sealed flask, was inserted into the slit in the
teflon foil holder. The foll was then plunged
Into the hydrogen peroxide reactor, and the run
‘began. -

At the end df‘a run the foil was washed in de-
lonlzed water and stored in the sane, awalilting
later use.



The volume disvlacement of the MgCly solution was
meesured contlnually throughout a ran, recorded, and con-
verted to rate data,

The nitric acid pretreztuents were carried out with a
thorough cleansing of the foil both before end after,

When a foll was taken from the hJaroUen peroxide storage
solution, it was merely washed in deionized water., If
the foil had been left in delonized water sg a vretreat-
ment, 1t was removed with no additional cleansing,

The procedural plan of the experiments was originally
to compare the rate values obtained with the nitric acid
pretreatnents to those obtained from prolonged hydrogen
peroxide pretreatments at or above 31% by weilg ght of hydro-
gen peroxide, However as the exneriments progressed, a
slightly varied plan of action was develoned to explore the

‘indications of early results. This is discussed in the
sectlon containing the Discussion of the Results
B. Cleaning

Initielly the rezctor flask and its pDarts were
cleaned in 1ﬁbor ‘tory glass cleanser, =nd then exposed
to hot aque regila, which was a2llowed to cool over a 20
hour period. Subsequent cleansings-of the reactor, its

parts, and all other meterilals which came into contazct
with the hydrogen peroxlde were according to the following
steps

1. Thorough weshing in GCl,. to remove grease,

. - Immedizte weshing in acetone to remove the rest of

X%

the CCle and any organic impurities not removed by
the CCla.
~ 3. Rinsing *h deionized water to remove lionic imnurities,
This latter sten was usu 111y repeaued several times,
Upon beinn cleansed, any part was then stored in a closed
cont 1ner away from dust.




IV PRESENTATION AVD DISCUSSION OF TUE REZULTS

The description of each run and its complete record of
rate data are preéented in the appendix, excert for Run 5.

This latter run ended in complete failure when the foil became
disloged from its teflon holder, Presented in this section

is the summerized data of the non-redundent runs in the form

of plots: catalytic activity versus time of contact with

the hydrogen peroxide.

A. Palladium Foils ( See Figure 2)

Run 1 was = preliminery attempt to renroduce Sarda's
value for the catalytic activity of palladium, with no
pfetreatment. In this run a value much lower than the ohe
Sarda found was indicated, Runs 2,3, end 4 following this
one were also carried out with no pretreatment of the
seme foll., Thelr intent was to acertsin a value for the
activation energy of this particular catalytic reaction
by varying the temperature of the rezction. If such a
value could be found 1t would be instiructive to compare
it to that of another velladium foil, which showed an
activity close to that found by Sarda. If any difference
between their activation energies could be found, different
catalysis mechanisms would be suggested, Howevek these
attempts ended in failure, when the blank rate was foﬁﬁd'
to increase exponentlally with small increzses in temper-
ature to a value several times the actual foll rate. he
inherent error in the blenk rate determination inereased
to about 20% of the foll rate value, | C

Runs 6,7, and 8 all approasched the same value for the
catelytic activity of valladium, 3.55 + 0,05 ml Op/min-in2(Pa).
The veristion of the anprosch to this velue by the different
runs ls very instructive. For exzmple, Run 8 should have
shovn a rapld apnpreach to a constant vaelue-much more
ranld than resulted, since the foil had been exposed to
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B.

de
vating influence of deionized water would 2lso exnlein
& X

31% hydrogen peroxide for many hours. The only possible

explanation for its deactivetion is the 15 nlnute storage

in delonized water just previous to the run. A ceti-

the great denarture of Run 1 from the others. The effect

of a one minute dip in ,OpnN03 also apresars as a transi-
tory incresse in the catalytic actwv1tv of palladium,

‘GonverseLJ the effect of 1ong contact with delonlzed'ﬁater
1s a nearly permanent depression of the catelytic nctvvity.

However Runs 6 and 7 also show that the pretreatment of
palladium with HNOs has an "era51ng" effect on its vre-
vious history, In runs 6 and 7 it wias also noticed and
reported in the appendix that the Pallwdium foll surfaces
were slightly etched by the HNOs. However this etcnlng
had no apparent effect on the results, '
Platinum Folls (See Figure 3)

The two instructive runs of tnhis sectwon, 10, and 11 _
indicate that platinum is slow in approaching *ts steady
state value of catalytic uct1v1ty, as compared with o A
palladium, It 1s assumed that if Run 11 had Degun with
vretreatment in 1% hyaronen peroxide, the ca talytic ‘
activity of the PlatinAm foil would have rapildly abnroacnea
and remalned at the steady state rate, which is only “
closeWy aporoached he“e This fact would indicate also
that a pretreatment in a hydrogen peroxide solution of’”
strength greater than 319 increzses the catalytic acﬁivit&
of the foll's surface. However no corroborative runs 3eré
made to setablish this point. The steady state rate of
decomposition of the hydrogen peroxide was indicated at
about 1.6 # 0.1 nl Og/min-in®*(Pt). Run 10 closely anproxi-

mates the experimentel conditions of Buck's platinum

o
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runs- none ren much over 200 minutes of time, and all
1mnort nt runs were made with HNOg pretreatments., ’ThUS

Run 10 indicstes that Buck had not tsken his experinintation
time far enough - hence his value of 2.0 ml Oa/min-ine(ﬁt)
for the steady state cmta:ytlc activity of »latinum.

) G‘—old Foils (See Figure 4)

Rurs 12 and 13 indicate tnat gold 1s even sl ower than

Dlatinum, and much slower tuan nulladlum, in aDDPOmChin”

its stes ady state cataljtic activitv In Run 13 & pre-
treatment in HNOa results in a rad1091 varie tion of cata-;
lytic activity of the ¢01d foil., The catalytic act*v*ty : 
rises right through the steady state value indicated by .
Run 14. However over time the catalytie actlvity of the
gold surface comes back to the steedy stmte va7ue indicated
because Run 14 is mCtUmlly a sixteen-hour extension of
Run 13.  This foil was never zctually removed Lrom the
actor and left in continuous contact with a auiescent
319 hydroSen neroxide golution, - ceoE f’ :

Again in Run 12, as in Run 11 of the olatinum ser*es,_ N
there was demonstrated the fact that contact hlth kydro-
gen Derox1de soluuion of areater strength than the test
solution resuTts in the initial increase of the ce talvtic
activity. If th here exists any eneralizauion =Lch as--'

a Dretreutnent in a hydrogen peroxide solution Varles th
initiul catuljtic activity of the metal surface in Pro-
nor+ion to the difference in strengtns between the vpretreat-
ment and test solutlons - it ﬁemaLns to be demonsirated

in future work, ) '

In General - ‘

The cotalytic activities of zold, vlztinum, and palla-
dium 211 demonstrated a limiting value upon increesing
contact with the Z1.0% by wt. hydrogen neroxide at 20.0°C
The HNOg pretreatment of the foil surfaces studied oro-
duced initiul cg,nces in uheir gatalvtioveo ivities
such thet tney all ar hroucmed their 1limit Ing values

=
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from a state of increased catalytic zetlvity. The only
demonstrably relisble methiod of acertaining the catalytic
activities of the metal Tolls studied 1g that of sgimulat-
ing or carrying out prolonged exnerimental runs,

In runs 8 and 14 supersaturation effects entered the
data in the form avparently of hnigh initizl cetalytic
activities., Other sources of ervor were confined to the
intrinsic limitatlons of the apvaratus. Between volume
displacement readings, the nressure inside the systen
could not always be kept at atmosvheric pressure, This

resulted in the slight sunersaturations or desupersatura-

tions of oxygen in the reactor solution when the pressure
was brought back to atmospheric npressure for the reading,

Also the blank rates of catalytlic decomposition of the ligquid
hydrogen neroxide apparently varled during the runs slichtly,

411 blank rates reported were averasges between the initial
and final values. This latter error could be kent small
by reducing the rate of agitation of the reactor solution,
The + and - variztions in the limiting rate values are
merely estimetes by the author. Finally sbout 1% to 2%
of the foll surface was covered by inserting it into

the slit of the holder., This factor was not considered

-

in the area calculations.

5



1. The”Steady state rﬂtes of deoownosiblon ol hydrogen
peroxide on Pzlladiun, Platinum, 2nd Gold at 30.0°C

and 31.0% by wt. of hydrocen peroxide are: 3.55+ 0,05,
1.6 # 0.1, 2nd 0,45 % 0.05 ml O2/nin ver sg. in., of
foil surface resoentlveTY

e of approzch to the steady stete value is
roughly proportional to the steady state value itself,

3. The pretreatment of the foil surfaces in approximately
31% hydrogen peroxlde has proven' to be the most relizble
method of obtaining the said steady state values.

4. Previous investigators in this area of catalysis
g

have neglected to carry their experiments to their

logical conclusions.

5. The pretreatment of the metal surfaces studied with
nitric acid in general results in the approach to the
steady state values of catalytic activity from a state
of increased catalytic activity,

14
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RECOMMENDATIONS

1. A detailed{study of the effects of Variatiqn_ of

catalytlc activity with variations of the hydrogen

peroxide pretreatment strength,

2. An cttempt to find the activation energy of the
catalysis reactlon by variation of the reaction tempera-
ture,

5. The complete logging of the metel foil's history
immediately before an experimentel run in any subsequent
studies of this tyve. '

s



v APPENDIX

A, Tabulatlion

Minutes

23
26

21

60.5
70.2
90

102.5

of Data
Temp. = 30.0°C

Initial HeOg = 31.1% by wt.
Foll Area = 2.248 in.®
Duration of Run = 105 min,
Previous One Hour History:
1 hr. - storage in delonized water,
Blank Rate = 1.16 ml/min.

Remarks:

Toil surface covered 50% by bubbles
Rest of run
showed decrease in % of bubbles to
about 20% by end of run.

at end of 15 minutes.

Run 1 -- P4 Foll 1

mlOmein

4,05
3.85
3.65
3.25
2.97
2.73
2.70
2.62

ml0p/min-in®

1.29

1.20

1.11
0.93
0.82
0.70
0.69
0.65

K
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Fun 2 -- Pd Foil . 1 B
Temp., = 35,0°C
No Pretreatment
Initial HeOp = 31.1%
Previous One Hour History:
| 1 hr. storasze in deionized water.
Blenk Rate = 1,90 ml/min.
Remarks:
Foll surface covered about 20%
by bubbles throughout run,
Durstion of Run = 73 min;

Minutes m10s/min ' ml Op/min-in®
23.5 4,63 1.22
29.5 4,032 0.95
41 : 3.80 . 0.85
50.5 3.732 0.81
61 3.73 0.81

71 3,61 0.76




mun 3 -~ P4 Foll 1

Minutes

22
30
%o
50
60
TO
80
20

Temp. = 40.0°C

No Pretreatment

Initial Halg =

‘ Duration of Run

31.0
92 nin.

18]

Previous One Hbuf History:

1 br,-storage in delonized water,

Blenk Rete = 4.20 ml/min.
Remarks:

Foil surface covered about 204

by bubbtles throughout urn.,

ml Og(min

7.88

6.08

5.63
5.48
5.27
5.08
4,97
4,97

ml Op/min-in®

1.73
0.84
C.64
0.57
0.48
0.2
0.34
0.324

0



Run 4 -- Pa

Minutes
21.5
27
34
47
68
89

105

Foil 1

Temp. = 30.0°C

Initial HaOs = 31.0Z by wt.
Foll Area = 2,248 in®,

Duration of Run = 110 min.

Previous One Hour Histofy:

1 hr.lstorage.in deionized:water.
Blonk Rate = 1.62 ml Op/min.
Remarks: ‘ '

Foil surface covered 204 by

bubbles throughout run.

ml Op/min ml Op/min-in®

2,37 333
2,12 220
1.98 w160
1.90 124
1.88 .115
1.83 . 093
1.76 .062

o
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Run 6 -- Pd Foil 1

M

nutes

| o

Ul

=

25.5
25.5

Temp. = 30.0°C 4
Initial HeOz = 31.0% by wt.
Foil Area = 2.248 in®,

Previous One Héur History:‘4

50 min. In delonized water
1 min. in 30% HNOg
9 min. dry

‘Blank Rete = 1.14 ml Os/min

Remarks:
Foil surface etched by HNOg
showing stresks ofiginating'
presumably in foil rolling
process. No bubbles adhnering
to foll surfeace.

ml Oaz/min-in®
7.70
6.72
6.01
5.71
5.26
4,432
3.83
3,74
2.58

3.53
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RFun 7 -- P4 Foill 1
Temp. = %0.0°C
Initial HgOp = %1.0% by wt.
Foll Area = 2,248 in®
Previous One Hour History:
50 min. in delonized water
1 min. in 30% HNOs
S nin. dry
Blank Rate = 1,10 ml Oa/min.
Remarks:
Foll surface still etched Dby
HNOg. No bubbles adhering to
foil surface durlng run.

Minutes - ml Og/min-in®
0 12.50
14 8.50
26 6.98
36.5 6.13
53.5 4,98
57.5 o 4.86
87 | 4,17
109 ) - 3.88

138 : 3.57
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Run 8 -- P4 Foil 2
Temp. = 70,0°C
Initlal HaOp = 31.2%
Foll Area = 2.404 in®,
Duration of Run = 200 min.
Previous One Hour History:

45 min, in 31.2% HgOs.

15 min. in deionized water,
Blank Rate = 1,44 ml Og/min.
Remarks:

Foll surface clean and shiny.

No bubbles adhering to surface.

Minutes ml Op/min ml Og/min-in®

0 ~ 9.8 3.49
12 : 8.55 2.96
38 - 8.73 ~ 3.03
94 9.38 .22
133 | 9.65 Z.41
138 9.75 3.45
148 9.775 3.47
154 5.800 Z.49
192 | 10.050 3,57
197 10,025 3.56




Run 9 -=- Pt Foil 1

‘Temp. = 30.0°C
Tnitial HgOs = 31.1% by wt.
Duration of Run = 94 min.
Previous Onhe Hour History:
- 50 min. in deionized water,
1 min, in 30% HNOs.

9 min, dry
Blank Rate = 0,45 ml Oa/min.
Remarks: .
No bubbles adhering to foil
surface.
Minutes ' ml Og/min ml Og/min-in®
0 24,2 21.2

10 - 18.5 16.1
20 14.2 12.3
24 12.3 10.6
28 12,17 ‘ 9.45
44 8.10 6.83
53 T.24 6.02
69 , 6.10 5.04
71 - 6.0 ' 4,96
T3 5.7 4,68
7T 5.8 ‘ L.77
(I 5.4 h.h2
81 6.2 | 5.13
8r 5.28 4.26

S0 5.22 4,02




Pun 10 -- Pt 1

Temp. = Z0.0°C
Initial HzO0p = 21.1% by wt.
Foil Arez = 1,120 in®,
Duration of Run = 290 anin.
Previous One Hour History:
50 min. in delonized water,
1 min, in 20% HNOs.
9 min., dry
Blank Rote = 0,22 ml Og/min,
Remarks:
No bubbles adhering to foil
surface. ’

Minutes ml Og/min ml Og/min-in®
0.5 23. 20.8
13 15.1 O 1%.3
24,5 11.7 10;3
29 11.0 9.64
34 | 10.125 8.86
49 8.575 7.45
| 59 ‘ 7.700 6.58
1 87 - 6.417 . 5.63
;1 ok 6.3283 5.50
: 121 5.550 4,76
. 128 5.183 4. 4o
. 129 - . , 5.117 4,26
% 171 | 4.400 373
4 180 4,300 3.65
E 220 3.610 3.03
1 272 3.3280 2.82
244 _ . z.2125 2.68
277 - 2.981 2,46
'# 287.5 : . 2.88 2.3




Run 11 -- Pt Foll 2

Temp. = 20.0°C
" Initial HyOe = 31.1% by wt.
Foll Area = 0.896 in®.
Duration of Run = 210 nin,
Previous One Hour History:

58 min. in 467 HaCa.

2 nin., dry
Blank Rate = 0,365 ml Os/min,
Remarks:

No bubblee adhering to foil

. surface.

Minutes ml Og/min ml Op/min-in?®
1.5 313 S 3.09
4 , 2.80 2.86
9.5 ' 2.67 2.58

12.5 . 2.63 2.53
21 | 2.47 2.35
25 2.45 2.09
94,5 2.077 1.83

115.5 2.071 ' 1.91

132 . 1.990 1.82

149.5 1,962 1.79

167.5 1.920 1.76

176.5 1.874 : 1.69

200.5 ~ 1.800 ‘ 1.62




Pun 12 -- Au Foil 2

Minutes

23
33
IV
54
67
85.5
165
178

Temp., = 20.0°C
Initial HeOpn = Z1.1%
Foll Area = 0,944 in®,
Duration of Run = 190 min,
Previous One Hour History:
58 min. in 46% HaOz.
2 min. dry

Blank Rate = 0,331 ml Og/min.

Remarks:

No bubbles adhering to foll

surface.

ml Og/min-in®

1,433
1.300
1.267
1.157
1.147
1.111
1.070
1.035

1.18

1,03

1.00
.883
872
.335
.802
765

o
(e

g



Run 13 -- Au Foil_ 1

Temp., = Z0.0°C
Initial HeOe = Zl1.2¢
Foil Area = 1,092 in®,
Duration of Run = 120 mih.
Previous One Hour History:
20 min, in deionized water.
20 min. in 109 HNOs.
10 min, dry.
Blank Rate = ,340
Remarks:
No bubbles edhering to‘foil
surface,

Minutes ‘ ml Og/min ml Op/min-in®

2.5 0.50 0.15
2.5 ~ 0.858 0.47
22.5 ’ 1.080 ‘ 0.59
=3 1,740 oo
40 1,423 1.01
46 1.567 , 1.12
51 1.675 1.22
54 | | 1,750 1.29
63 | 1.980 1.50
78 2.250 1.75

102 2.550 2.02

~abd



Run 14 -- Au Foill 1

Temp. = 30.0°C
Initial Ha0z = 31.1% by wt.
Foil Area = 1.092 in%?,
Duration of Run = 140 min,
Previous History:
Foill left in reactor's gulescent
21% HaOp solution for previous
16 hours.
Blank Rate = 0,583 ml Og/min,
Remarks:
This run is merely the 18 hour
extension of Run 13 with a
16 hour qulescent interim,

Minutes ml Og/min ml Og/min-in®

1 2.1 1.3
> 6.6 5.5
3,5 156.5 14.6
k.5 9.3 8.0
6 6.4 5.3
8 3.2 2.5

10 2.5 1.7
15 1.64 0.97
30 1,05 ' 0.43
40 1.09 0.47
T 51 1.07 0.45
82 | 1.06 0.44

170 1,07 ' 0.45




CS

Be Gomplete History of Foills

1. ®Pd 1

: 3 deys in deionized water,
Run 1, 1 hr. in deicnized water.
Run 2, 1 hr. in delonized water,
Run 3, 12 hrs. in deionized water.
Run 4, Run 5% 12 hrs. in deionized water.

1 min. éipyin %0% HENOg, 10 min. dry.
Run 6, 1 hr. in delonized water, 1 min. dip
in 30 % HNOs, 10 min. dry.

Run 7, final storage in deionized water.

2. Pt 1
8 days in delonized water, 1 min. dip in
30% HNOa, 10 min. dry.
Run 9, 1 hr. in deionized water, 1 min, dip
in 30% HNOs, 10 min. dry.
Run 10, final storage in deionized water.

3. Au 1 _
14 days in deionized water, 1 min, dip in
30% HNOg, 10 min, dry.
" Run 13, 16 hrs. in quiescent 317 HgOg,
"Run 14, final storage in deilonized water

All treatments in preceding three sections
were begun with a cleansing of the foils
according to the procedure, except in the

interum between Runs 13 and 14,

a"of 1 hr. durstion in 31% HgOs
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2 Feoils, P4, Pt, Au,

Remarks

2 foils put in fresh 50% HyO0g

solution, after Z day's storage
in deionized water and =
thorough ¢leensing

Reaction got hot; reaction flacgk

continuously cooled in tap water.,

Folls washed in delonized water,
Tresh solution of 50% HgOp

HaOp = 43.0%

HeOz = 29,5%

nga = 22.5%

Foils washed in delonlzed water,
fresh solution of 44,1% HjOe
HgO2 = 44.1% '

P4 2 reroved, 15 min., in
deionized water, RPun 8,
final storage,

HeOg = 23.8%

Foils washed, fresh HpOg

Pt 2 removed, Run 11,

final storage.

CAu 2 removed, Run 12,

final storage.
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