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ANALYSIS OF THE OPERATION OF .POROUS GAS ELECTRODES
WITH TWO SUPERIMPOSED SCALES OF PORE STRUCTURE
by
Edward A. Grens II
Inorganic Materials Research Division,
Lawrence Radiation Laboratory, and

Department of Chemical Engineering
University of California, Berkeley

ABSTRACT (BRIEF)

Many of the typeS‘cf porous gas electrodes used in fuelicells héte.a
"dounle porosity structure: a system of gas filled macropcree_superimposed
‘on one of liquid filled micropcres; A model for_the oteration of such an
'electroae is.fcrmulated by considering the macro and micropore systems as
parallel_one dimensional continua, appropriately joined by a series of
'ﬁinking pores" which represent the micropore structure immediately sur-
ronnding‘each macr0pore.’.Transport of dissolved gas reactant, ionic epecies,f
and current to/from reaction gites in the linking and micropores is
analyzed, together with Jlocal electrode kinetic relationships, to charac- _'
terize the reaction distribution and exterior behavior for the electrode.
The calculated behavior for nn oxygen cathode operating in 6.9‘N4KOH |
illustfates the high sctivity and almost linear overpotential/current
relationehip predicted by this model. There are significant differences

in electrode behavior from that predicted by available treatments based

‘on a single pore or uniform pore structure.



In the search for efficient porous gas electrodes for fuel celi
systems, rather complex electrode structures‘are being utilized.r The
méjérity of these,involve a multiple scale oflpérosity,'fhat is, a‘pore
size distribution cﬁaracterized by major éontributions to the electrode
- void fraction in two (or more) widely sepafated pére diameter ranges.
1This multiple porosity exists in the body of the electrode, quite apart
from any layer of small pore diameter materialvpfovided for interface .

v A .
controlh’lo, and 1is usually the result of forming the elecfrode'from a
fine‘powder which is in itself porous. ©Such a structure 1s-found iﬁ
carbon7, blackiﬁlatinum6, and Raney alloy electrodesh; it is wéll.described,
for carbon, by Paxton and cowdrkersT; | _

In a double porosity séale electrode the pores caﬁ be subdivided- into
two systems: the larger or macropores (perhaps l-Sdu diameter) which are
Filled wifh reactént gas, and the smaller or migropores (pefhaps 0.1 or
less diameter) which are flooded with electrolyte by capillarity. The
macro and micropores exist as superimposed systems throughoﬁt ﬁhe entire
electfode, the micropores 1ntersecting the walls of the macropores, as
illustrated:in highly idealized form in Figure 1. The reactant gas entérs"
the macropores at the gas side of the electrode and dissolves in the
: electrolyte at the "mouths" of the micropores along the walls of the
larger pores. From there the gas diffuses in solutiqn to reaction’sites‘
along the walls.éf the micropores. The ioqic specieslin the electrolyte._‘
that participate in the reaction (aﬁd carry the currenf) diffuée and
-migrate through the micropoie system between the reactioq'site and thé
© bulk electrolyte at the liquid side of the electrode. Electrénic current
to reaction sites is carried by the conducting matrix_of the electrode.

Gas electrodes for which the pores are all muéh the same size, and in
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. which the reaction occurs under an electrolyte film on:thefwalls:of'

largely gas filled pores, have been quite extensively analyzed8’9’2’3.
Reaction in the liqu’d filled parts of such pores with gas gupply by '

surface diffusion has also been consideredu’3. Eleetrodes in which all

pores are flooded have been treated, but these are not efficient and of .

o relatively .little interest. No uniform porosity mode], seems'capable of

explaining the performance of some of the more active electrodes (e.g. [6])

without adopting unreasonable values for one or more system parameters.

: However, the electrode with a double scale of porosity has received very
. 1ittle theoretical consideration. It has been suhjected to a much‘ .

simplified preliminary analysis by Burshstein and coworkers, primarily'

for the purpose of investigating the, effects.of changing, by pressure

' adjustments, the fraction of pores which are gas filledl. In'that treat—

ment transport of dissolved ges and ionic species was not considered,

and a linear kinetic expression without concentration effect was utilized.
In the present investigation the gas electrode with superimposed |

systems of macropores containing a pure reactant gas and micropores filled '

with electrolyte was analyzed at the steady state. Transport of dissolved

'gas and of ionic species were taken into congsideration, and, in fact,

are the processes largely determining electrode performance. A realistic i

electrode kinetic expression'including concentration effects and forward

and reverse reaction terms wag used,

MODEL FOR THE GAS ELECTRODE WITH DOUBLE SCALE OF POROSITY

The actual porous electrode consists of .8 very complex arrangement

of interconnected voids, or pores, in 8 condusting solid matrix. .However, !

BT long as the characteristic dimensions of both the macro and micropores

are small compared with‘distances over which significant changes in system



variables take place, the two pore systems.can be considered separate,
one dimensional, homogeneous phases arranged in perallel, witn appro-

" priate linking to account for gas transfer from the macroPores to

the micropore system. Although the dissolved gas concentration in the
micropores.where they intersect macropores will always be saturated
with respect to the pure gas phase, this condition, of course, does not

prevail throughout the micropore system, The homogeneous micropore .

phase is separated from the macropore phase by portions of the micropore .

system, immediately adjacent to macropores, for which the homogeneous
approximation is not valid. In these mlcropore segments dissolved gas'
‘concentration changes very sharply with distance from the macropores;
-they constitute the linking pores ’ joining the macro and micropore
phases. This arrangement is shown schematically in Figure 2. The linking
pores heve the same physical characteristics ( diameter, etc.) as the
'micropores but are not part of the micropore phase,

In this model the dissolved gas concentration is at saturation at
© the interface between the linking pores and the macropore phase (and in
-'micropores at gas side face of the electrode) At the micropore phase .

ends of the linking pores it reaches the concentration existing at the

rosition in question in the micropore phase. The lengths of the linking-

pores are ghort, of the'order of a_micropore‘diameter, gince the high
vdegree of cr0ss-connection in the micropores rendersvtne homogeneous
appro#imation valid at greater distances than this from a macropore.

At the liquid side face of the electrode, the electrolyte composition in.
the micropore phage is that of‘bulk-electrolyte. |

Electrode Description |

The electrode reaction for this model is the general gas reaction
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G + ne’ - WH,0 + V8,° | (1)

Awﬁere G representé the chemical symbol for some reactant gas and Sl

that for an 1onie.species of charge z2q which participates in the reaction;
o K and v are stoichiometric cpeffiéients. A realistic electrode kinetic

. relationship for this feagtion is the.Volmer @ype expression for the

transfer current, jsz
re : 4 e ' '
S = 30| Eow [ (pus,)] - en (SRR S
. 1 '

This expression 1is characterized by the exchange cﬁrrent'density Jo;
and the equilibrium potential ¢e at the bulk'electréiyte.concehtration,_
rc:, and gas saturafion; cg. It should be noted that the eigctron trans-
fer in the rate determining step, m, is not nécessarily the overall
electron transfer, n. All potéptials are epec}fied with reference to
the 1sopotential eleétrode matrix.
The electrode structure is characteriﬁed'by maéro and micropore
'bporOBitieé,_Q end q, fespéctivély,'énd Sy specific surfages;.A and a.
The effectiﬁe length of. the 1inking fores'is designated B. |
In trestment of;the'elect:w@e nmodel, the fullowing assum@ti@ns'a:e
" invoked: | : B | | |
- 1. Isopopential el?cfrode matrix.
| 2.I Uniform gas camposition in maéropofes.
. L ‘_ 3. Absence.6fvhydr6dynamic-flcws.
%, Constant transport parameters. .
5. Isothermal opefation. ;
' The examihatioﬁ 1s reétricted'ﬁo cases'whgre only‘onéjéigﬁifiéant non-;'

reacting &onic species; 52’ 18 present; this -is the case'fof_the binary



electrolytes commonly used with gas electrodes.

AThe Microporelsjstem
In the micropore phase the transport of dissolved gas by difqu1on v
and of ionic species by diffusion and migration must be considered.
Transport of current is by ionic species»and.is thus taken into account.
Using the fuodamental flux equetions for electrolytes, and incorporating

the Nernst-Einstein relation for ionic mobilities (u1 = Di/kT),

. de | R ‘ ‘ , - |
=-D —& | S (3)

toy}s
=

g dx

[0}

de ' - I o
1 4o : ,
e TR Tk AT R ()

als
=
1]
e
o

- de, - . ' s '
| 2 ao . o
Ny = - De =~ %% & o (5)

.o

Qe

‘where the Ni are superficial fluxes, the D the diffusion coefficients,

q)the'microp0re tortuos1ty, and ¢ = F(¢—¢e)/RT. Noting_that electroneu-

trality must be satisfied, that 1is zlcl + ZpCp = 0, and that N ‘must be

0 at steady state, we can integrate equation (5) to give

"ZQ(Q-(I)O) b ) . o
c, =c. e o, o o (6)
. where the reference conditions. (c L ) are those in the bulk. electrolyte. -

The current density in the micropores, i, is given by i leNl

By conservation of dissolved gas.in the micropores-

dx = U - UR }
or . _ 2 i . ' Y
‘-5& + aﬁ" (U -U)=0, ' - A7)
ax g | S o ;

where Ué and Uﬁ are, respectively, the source term for dissolved gae



: homogeneous phases, X In the conservation equationa the terme U and U

_are the forms

entering micropores from the linking pores and the sink term for con-
sumption of gas in reaction at micropore walls (both in gmol/cm3%s);ﬁ'1t

should be noted the UR can be directly related to transfer current density,

AB B | 8
UR (l-d))JS‘ E ()
:Conservation can likewise be applied to lonic species 1, giving, with )
2°-0
" substitution from equation (6) and the change of variable to E = e %2® 5
2wy ‘ | .
e (- +u)=0, . - (9
Cdx® gD (z,-2.) ¢ & R .
P11 :

where UG is the sink term, in the macropores, for‘gas-dissolving into

linking pores (thus UG - Ué represeht_gas'reacting, per unit volume of
electrode, in linking pores). |
Equations (7), (8) and (9), taken together with the boundary conditions

o d4¢ _dE

at x = 0 ¢ cg = cg ’ - ax 0 3 ,
S | o -(20)
x=4°: ¢ =0 ’ =0 a+E=1;

g

represent the micropore behavior, However, UC and Ué are functions of

" E(®) and cg and must be determined by consideration of processes occurring

in the linking pores.-

The Linking Pores

" In the linking pores the transport relationships are basically the‘
same a5 those in the micropores, but here they are applied in ) direction,

y, normal to local macropore surface rather 1n the. one dimension of the

g

- of course do not appear, and, therefore, corresponding to (7) and (9)

1 * - Lo
o . —_— 8 = o
. -3 =0 N : (1)



2_% Sz * o : .
and . | dE 2 Up =0, = (12)

2 (o]
dy”  aby ey 72y

* : .
where U is the sink term for use of gas in reaction at the walls of the

. *
linking pores. Coﬂbining'(ll) and (12) to eliminate Up, we see that

' : 2 %

®x T
deE ~ . Dgzgv d cg

5 -7 o ‘
ay chl(ZQ_Zl) dy

. ’ 3% . . .
It c; is normalized to C = cz/c; , and this expression is integrated once

(o] ) . .
_@.E.tm ('Dgcc%)(vza -)dc*

Qy \'D.e Zp=2y dy .

. - . . A . . _ . . N :* )

Since (Dgcg/chi) < <1 (perhaps 10 > .10 6), the changes in E , and thus
Y v e , e

1

. ¥ : :
in cZ. Accordingly E., and c;, are considered constant over the length

in ¢,, over the 1linking pores are relatively much less than the changes

of a linking pore at the values existing at its junétion with the micro-

pore phase. Then

x o, _a ., [ o "
Up == = ,nF"Jo{cor“'b} | : (13)
e ° ) B o

where r and b are functions of E, which is now a parameter as far as the.
linking pores are concerned.

8 El—[(arl)m722 

~0  ~cmfz, ' k
p o Ome TR .bg=<e(a”l)m .
S ’ ) ) .
When this value for UR,is substituted in (11)'the equation becomes
y g Cg . '

which 18 a linear, non-homogeneous, equaﬁion with constant coefficients.

TIts boundary cbnditiOns are:

at y=0: o*=¢ | ‘ =
X & & (15)



et

_and thus it has the obvious particular integral

e le)
o] Ohﬁ *x
i
H o

Again letting C = cZ/cg, and taking_e = awﬁzjo/anDch, we can easily
find the complete solution in the form

o \/-G?(y/ﬁ)

-_+K1 xge‘JmY/S).'g' 8

' Actually this solution 1tself is not of interest since only. the terms

UC and Ué are required. They depend on the derivatives at y = O and

- Y =_5;'since they are proportional to dissolved gas fluxes:at these points{

. o LT i ‘ - . .‘ " ) .

v - 2D (_ dC*) S oan
. AqD ® ’ ‘ :

U = =& g R - (18)

Therefore the derivatives of C' with respect to y are found from (16)
with appropriate values of the constants Ki and Ké to satisfy boundary

conditions (15) _These are

®, —-ﬂ—{em@; o "J'e“‘.’&c-%]wi,——a} |

l

y=0
_dC_* 4_ l csh\r‘r ._b'-".-gsfgz—-‘ i b o -b - Néor .(20)

Together with (17) and (18) these expressions yield the necessary source

. terms to complete the model description._,

Mathematical Representation of Electrode Model

The mathematical statement of the model is put in more compact form

_ by change to the dimensionless variables,
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b4

N c 40
x=%; c--8; - o (#°-9)z2,F/RT ,
. o )
e :
g ) -
the latter two of which have previously been introduced for convenience.

The'SOurce/sink terms are also put in non-dimensional form:

2 2 . 2
By, oy 4P o

ge 88 S g g

WG_é
- These changes . of variable give rise to the dimensionless parameters of
the system:

A =AD

il
no
Ol

mwbgjv

n¥D c
a4 g8

In this notation, the electrode model as embodied in equations (2),

(1), (8), (9), (a7), (18); (19), and (20) becomes:

2 : ; L '
9~% + LQ(W W ) =0 - L (21)
ax" e R | |

a%x AT
=3 + nL (w W +W,)=0 n ' (22)

éfxm”{f‘lé[ugﬁkffﬁ{w%ﬂf4xbﬁﬁ}‘

Lginh fE ‘

=
1

= XfE- B {[—-——l'———:ﬁ
& Utamm £E7F

(l»k)f E EB(c- )

i

) -B' ’ '1 . - .
[ ™ - (og)] + (1egme é} (23)

=
1

3

]

) 0 .V " ) . - o A
where the expressions' f= 91/2 eam@ /Es'g = o0 $ BE am/2z2; and

y=1+4+ m/z have been introduced for compactness. _Equationsv(El) and

A v

(22) have the boundary conditions:
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at X =0 1

"

Q
1]

-e

|

L
o

(24)
X=1: C€=03; ‘E= 1. .'

B This psir of second order‘ordinsry,differential equations completely
describes the model for the double porosity scaleNelectrode. Analysis
and predictions for electrode behavior are based,upon solutions of this .
equation system. The dimensionless current density at any position, X,

in the micropore phase of this system 1is
. X .
I ='1’,~/; (W, -ug_+wR) ax

.where I'= (9/&5)(1/3 )

’ Analx_is of the Electrode Model . . '
| The equation system (21) and (22) with source terms (23) and boundary
- conditions (2&) is not amenable to analytic,solution because of the non-
lineer nature of the source terms. Numéricel'techniques are required for
. analysis of the mathematical model. ‘The numerical method enployed con-
slsts essentislly in representing the'derivatives in (21) and (22) by
“their second’ order (central) finitendifference forus, thus obtaining a
set of simultaneous, non-linear, algebraic equations, two for each finite
difference point employed. These . equations are solved by a simultaneous
‘first order (point-slope) 1teration process, starting with an approximate B
solution for the equations. . ' ‘ .
The solution used a8 a.starting point for this iteration is an
approximste analytic solution derived for the. situation where reaction
" in the linking pores ig disregarded. As the total reaction surface in
‘ethe linking pores is small compared with that in the micropore phase, o

1t should be expected that this approximstion will be sufficiently
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accurate to provide oonvergence for the first order iteration scheme.

: This has proved to be the case.

| The computations are implemented with an IBM 709h computer through

a FORTRAN IV program. The iterativevprocedure converges in very few (less:
than five) iterations, although finsl solutioos usually deviate considefably

from the approximations used as 1nitial estimates.

APPLICATION TO THE OXYGEN CATHODE
The model described in the previous section hag been applied to an
oxygen cathode operating in 6.9 N KOH (at 25°C) in order to examine the

nature of 1ts predictions and the influence of structural parameters.

- As a basis for these calculations, electrode kinetic parameters charac-

teristic of oxygen reduction on silver were usedlo. These are listed,
together with the necesgsary transport and conoentration values,_in'the
table below.

Parameters for Oxygen Cathode in 6.9 N KOH at 25°C

Electrode Reéction:. 02 + 2Hé0 + hs- - LOH™

Electrons ‘transferred in rate determining step (m) sl

‘Transfer coefficient. (a) o IEUR V- B
Exchange current density (j ) o o f_ : . 2x 10'6A/cm2
Diffusion coefficient of OH ion ( ) o 2 x 10-5en® /s
Diffusion coefficient of dissolved 02 (D ) o O.6vx 10~ %cm?/s
Oxygen solubility for 1 atm pressure (c°) T X'l0’5gmol/L

The electrode structure selected for this examplé was O.l cm thick and
vi vhaq a macroporosity of 30% with 2p diaﬁeter pofes_snd a‘micropofosity

of 30% with 0.1u diameter pores. Corresponding oacro and micropors '

specific surface areas are 600 and 1.2 x lOscm'l; respectively. A |

. tortuosity factor of 2 was used. The linking pore length; 8, was assumed
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to be one. micropore diameter (0.1n); however, because of the uncertsinty
1n the proper value to use for this dimension, the effects of variations

in assumed linking pore length were investigated.

Electrode Overpotential Behavior v

fne calculated current density/electrode overpotential behsyior for
.this:electrode is presented as the curve A in Figure 3.. Tne benavior;
predicted using linking pore lengths of half and twice tne micropore dia- .
meter'is also shown, by_curvesz and C... It is apparent that-the.cslculated '
A,current densities are sensitive to'assumed 11nking-pore‘lenéth at high

verpotentials but that the nature of the current density/overpotential

b‘.: relationship is unaffected by this choice.

The overpotential curve 1slnot even spproximstely linear in a log
d.(current density) vs overpotentiallplot; it cannot be charscterized by a
Iefel slope" over any significant portion of 1ts rsnge. Asda matter of .,‘
fact, the behavior is quite nearly linear, as shown in Figure h : This .
. pattern.is the resnlt,of the_reduced dissolved gas.concentrations in the"'.
micropore s&stem at higher electrode'currents in,part offsettfng»the almost
exponential reaction rate 1ncreases with 1ncreasing overpotential.
The overpotential behavior of this model is compared in Figure 3

with that of a "film model"2 operating with 8 0 1u £1lm in the macropores;
curve D.. This latter model would represent the electrode if it possessed
only a single scale of porosity, that of thepmacropore‘system.‘ As snould ;
_dfbe expected'the double porosity scale nodel predicts much higher electrode_p
. cnrrents thronghout the operating range than does the £ilm modei.J'It should o

'also be noted that the film model gives rise to a log (current density) vs i‘ -
}_overpotential relationship which 1s 11near over an apprecisble part of the o

" overpotential range, in contrast to the behsvior of the present model,,.
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_ which was discusseddabove.'

Changes in micropore porosity have no effect on the overpotential
behavior other than to scale the current density in proportion to this o
porosity.v Chenges in the-macropore porosity'have little effect until
this porosity becomes quite smell (<0.1). For very low macroporosities
the actirity of_the electrode becomes quite small, and the-shape'of'the
overpotential curve approaches linearity on a log (current density) vs
overpotential plot. This is illustrated, for Q = 10~ h by curve E in Figure 3

Reaction Distribution

The distribution of the cathodic reaction in depth in the electrode is

“_ nearly uniform for any realistic electrode oPerstion. This is depicted in

Figure 5 for lOOmV.overpotential. The reaction rate is high in the portion
| of the electrode immediately adjacent to the gas side face because of ready
access to dissolved gas at this face. At greater depths in the electrode
it quickly drops'to a rate near:the average and then increases gradually
with depth as a result of the correstonding decrease in.ionic current
'path lengths.' Very near the liquid side face of_the electrode the rate
fsuddenly decreases drasticslly as dissolved'gas concentrations,become
-.vanishingly low because of losses to the bulk electrolyte._

The reaction rate in the linking pores is only a small fraction of
the total rate but exhibits 8 similar distribution as also shown in Figure
5. The linking pores will contribute a significant part of the overall '
.current only if they are assuned to be very long (many micropores diameters)

or 1f very high overpotentials are used (>300mV)

!

CONCLUSIONS
This study has established a mathematical model for porous gas

electrodes with two;superimposed scales of porosity, a model which predicts
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the high current densities often achieved in modern gas electrodes, most
of which have_such a structure. The performance of these highly active
‘electrodes (e.g.[63).cannotvbe explained 6n the basis of film or surface
diffusion models developed for single pore'scale structures. |

The current density/overpotential relationships calculated with this

o model are approximately linear over a wide overpotential range, in contrast

with the exponentialwbehavior predicted by film models using realistic
kinetic expressions. _This linear polarization characteristic holds only
80 long:as an appreciable macroporosity is present; as the extent . of the
gas filled pore system becomesdsnall the electrodeeffectiveness decreases
to a.very low level, andltheAlinear‘current density:overpotential curve
'changesrto_a nearly eXponential behavior;r The ngture of performance pre-;
.dictions of this model are insensitive to the linking pOre lengthpused in
the calculations. However; the quantitative‘predictions at higher over-
potentials are significantly affected by this value; the choice of which
cannot easily be made a priori.. Thus’at least this parameter in the modeli
must be adjusted on the basiscof measurements conducted with the electrode
in question. ' |

The reaction distribution in the double porosity scale electrode id .
very nearly uniform over the thickness of the electrode. This characteristic.
is primarily responsible for the high activity of this type of electrode
and represents a very_efficientvuse of electrode (and catalytic) terial
tand space; | o |

The model developed here presents ‘the possibilityibr a COmprehensive
investigation of the effects of porosity distribution in gas electrodes
of multiple porosity scale. Snch work, whicn is presently invprogress,

may lead to design criteria for structure of more efficient electrodes.

4



:friqtions in packed,beds. E
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:.In addition, similar linked phase models can be applied to other systems K df i .

f1,0f multiple porosity scale, such as those encountered in catalytic reac—:i‘
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NOMENCLATURE

'macro/micfopore specific surface areas (cm'l)-

o
c /e
&% -
concentration of species i (gmol/em3)

diffusion coefficient for species 1 (cm?/s)

exp [F(2°-2)/RT]

Faraday constant (coul/equiv)

01/ad] - |
superficial current density.(A/cme) .
exchange current density (A/cm?) -

transfer current Qensity'(A/cm?) o

"Boltzman constant

L/s

electrode thickness (cm)

number of electrons transferred in :ate determ1ning step

suﬁerficial £lux of species i (gmol/cma-s)
stolchiometric numbei of electrons transferred
macfo/mic:oporosity

gas constant (cal/gmol-°K)

absolute temperature (°K)

= dimensional source terms (gmol/cmo-s) .

mobility of species i (cm/sec-dyne)

dimensionless source terms .
x/2
depth coordinate (cm)

link pore length coordinate (cm)

17



charge number of species i

i
o = transfer coefficient
3. =‘linking pore length (cm)

1 = zengcZ/(ze-zl)chi

6 = aa)ﬁajo/anDch
A = AD
K,V = stoichiometric coefficients
o = F(2-9,)/RT | |

¢ = potential with respect to electrode matrix (v)
w = tortuoéity factor )
Subscripts:

g =-d1ssol_yéd ga@s»

= reacting ion

2 = counter ion
e = equilibrium conditions
Superscriptéz' | .

o = in bulk elecﬁroiyte

in linking pores
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Figure 1

Figure 2

. Figure 3.

Figure U

- Figure 5

. FIGURE TITLES

Representation of gas electrode with doub e scaie of porosity
(greatly enlarged- -not to scale). ‘ . '

Model for gas electrode with double scale of Porosity.

Calculated current density/overpotentlal behavior for oxygen
cathode (log current scale)..

Calculated current density/overpotential behavior for oxygen

cathode (linear current scale).

Calculated reaction distribution for oxygen cathode - 100mV
Overpotential. '
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com--
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. '

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








