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. WITH FIBER REINFORCEMENT
Getd Einmahl
Inorganic Materials Research Division, Lawrence Radiation Laboratofy,
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ABSTRACT

Model systems consisting of a glass matrix reinforced by randomly

oriented tungsten or nickel fibers with an aspect ratio of 50 were

 fabricated by vacuum hot-pressing and tested by bending. fhe systems
were distinguished by.interfacial bonding_endidifferent thermal ex-
pansion coefficients of the matrix and the dispersed phase.

In systems that could be densely fabricated the strength was
found to increase linearly with 1ncre351ng volume fraction of flbers
Revetsing the sign of the thermal expansion coefficient of the matrlx
relative to that of the 1nc1u51ons had llttle effect on the strength.
A greater strengthening effect was achieved in the tungsten-glass
systems where an interfacial bond existed as opposed to the nickel-glass
series. The strengthening effect of the nickel fibers is explalned

' by grlpplng of the fiber ends by the glass due to irregularities in

hape from the cutting operatlon used to obtain short fibers,

R

e e e e et i e e i st MRS AR T e



.
[ &2

-1-

I. . INTRODUCTION
The current interest in composite materials has been in fiber glass
reinforced plastics for low temperature environments and in oxide

whisker reinforced metals for elevated temperatures.1 In both cases

the matrix material displays reasonable ductile mechanical behavior,

In ceramic matrix composites the brittle nature of the matrix imposes

entirely different criteria necessary for the formation of high strength

'systems. The high temperature stability of ceramics, however, makes

these systems attractive,

Considering a brittle matrix containing dispersed inclusions'the
factors which can contribute to the mechanical strength are: |

(1) The volume_fraction of the dispersed phase,

(2) The size and shape of the dispersed particles,

(3)_The interfaeial bonding between the matrix and theAdispersed-

phase, | |

(4) The difference between the thermal expansion eoefficients

V - between the phases, .

'(55 The elastic properties of‘the two phases of the composite,‘and

(6) Any porosity existing in the composite system,

. Fabrication of composite systems has been a limiting factor in.

'developlng sultable systems in which various theories of dispersed

_ phase strengthening can be tested Fulrath proposed a model consmsting

of 1nc1uded partlcles in a glass matrlx fabrlcated by vacuum hot- pressxng
as a reasonable system to study the factors influencing the strength of

brittle matrix comp051teSJ When alumina particles with an avexage size




of 2.5 microns were hot pressed into a'glass of matching thermal ex-
pansion, the strength_of thevcomposite was linearly related to the
volume fraction of the dispersed phase until porosity was enceuntered
at aﬂproximately 50 v/o alumina, mhe bend strength of diamond sawed
glass'(surface damage) was found to be approximately 6500 psi, whereas

a composite of 50 v/o alumina had a strength of 32,000 psi. Hasselman

and Fdlrath3 postulated that particles dispersed in a glass matrix limit
" the pOSSible size of Griffith's flaws in the matrix, hence raising the

stres§ required for fracture, This mean free path will be shorter, the-

smalletr the size of the inclusions at a constant volume fraction of
dispefsed phase, Jacobson4 introduced nickel micro sphered with an
-averagé diameter of 58 miérons into glasses with thermal expansion

coefficients either highexr or lower than that of the dispersion. -A

strengthening effect was fodnd when the thermal expansion of the matrix

. was hlgher than that of nxdkel and a weakening effect in the reverse

.casé, Since no interfacial bonding existed between the nickel and ehe

glass, the spheres'shrenk away from the lcw~expansion matrix, thus
treaﬁiﬁg porosity‘with itétmarked effect oh strength. Nasonsvplaced

L
i

spherical tunosﬂen par": i és in a glass matrix, A strong interfacial

bond was developed between the glass and tungsten. In this case

strengthening of the matrik was obse:ved regardless of the mismatch

of the thermal expansicn coefficients. Nason's and Jacobson's results
are summarized in Figs. 1 and 2, In_this study the dependence of the

strength of the matrix on the particle shape was studied, Fibers with

an aspect ratio of 50 of nickel and tungsten were introduced into glass
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ship‘between‘uniaxial tensile strength and frber orientation.

matrices whieh, according to Jacobsen and Nason should give systems
with and without interfacia¥ bonding whether formed mechanically
between ﬁhe matrix and dispersed pﬁase or chemically.

EXtepsive work has been done on fiber reinforced matrices. It is
generally recognized tﬁat parallel_aligned and, if possible, continuous
fibers of a high strength mate;ial greatly increase the uniaxiall
t ensile strength'of a ductile matrix.6 Systems of this kind have been
expressed mathematica11y7 and an extended review on fibrous. composition
has been given by Sutton and Chorne.

The disadvantage of the systems mentioned.aboVe is that they are

strengthened only in the direction of the fiber alignment.b Possible

weakening normal to the fiber alxgnment may be observed So far,
1ittle work has been done to study isotropic systems Wlth fiber re-~

~ 9
. inforcement. Jaekson and Cratchley demonstrated the angular relatlon- .

Tlnkle-
10,11

"paugh et al g in studies of ceramic matrices reinforced with metal

'_ fibers oriented at random reached the conclusion that although the

matrix fails at a certain stress level, the composite can still carxy

- some joad until the fibers break or are pulled out of the matrix,

[POTIURSI
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II. EXPERTMENTAL PROCEDURE

A, Material Preparation’

Table I shows composition, thermal expansion, and d he

o
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materials used in this study; The glasses were smelted fro
oxides or carbonates in an inclined, rotating platinum crucible, The
quenched material was ground down to ‘a particle size belbw 10 microns.
The glasses were chosen on the basis of their thermai éx?ansion relative
to that of tungsten and nickel, Thetthermal‘expansion coefficient of the
glasses was measured by means of a silica-rod diiatometer; The dgnsity
of the glasses was measured after having vacuum hot-pressed them at
2000 psi slightly above the’softening point,

Tungsten and nickel wefe oBtained'from the Sylvaﬁia Electric
Company and the C, O. Jelliff Manﬁfacturing Corporation respectively.
The material was supplied as high purity wire 0.002 inches in diameter,
rolled in lengths of several miles, To obtain fibers of a length of
0.1 inch; the wire was rewound onto a wéoden drum, and each layer of
windings was coated with'Duratite household cement diluted with acetone.
. The windings Were.then cut with a thin abrésive blade, After dis- |
solving thé cement in acetone the fibers were réady for use, This
>procedure was selected in order to obfain thé large quantities of
fibers'needed and to secure the fiber ends as square as possible, In
spite of the extreme care taken in cutting, some plastic flow, particu-~
larly iﬁ the case of nickel, could not be avoided cbmpletely (reference

to this point will be made in discussing the results),

%

)

»
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:vacuo in a graphite die, The hot-pressing conditions were adjusted

B. Sample Fabrication

Four test series were fabricated: tungsten fibers dispersed in

glass A and glass B in amounts of 5, 10, 15, 20, and 25 v/o, and

similarly nickel flbers dispersed in glass B and glass C in quantities

of 5, 10, 20, 30, 40, and 50 v/o. The maximum volume fraction of dis-

1persed fibers in these series was limited by the compactablllty of

- random fibers, Jackson and Cratchley9 state that complete randomization

of the fiber orientation leads to a packing density not higher than

20 - 30 v/o of the fibrous phase. The exact value depends on the

vaspect ratio of the fibers and on the stiffness of the material. Cold
" pressing at 3000 psi of the nickel and tungsten fibers as specified in

' the foregoing paragraph showed a‘compactability of 50 and 25 v/o of

theoretical density for the nickel and tungsten fibers respectively.
The‘appropriate amounts of fibers and dried glass powder were

dry mixed in a jar rotated around its diagonal axis, From this a

disk 2 inches in diameter and about 0,07 inch thick was hot pressed in

to obtain a specimen with a bulk density as close as possible to the

calculated theoretical density of metalAfiber and glass. ‘The applied

pressure varled from 1500 to 3000 psi and was higher for the samples '

'Wlbh tungsten flbers than for the ones with an equal nickel content.

The hot-pre351ng temperature was determlned from the softening p01nt

‘of the glasses and from the temperature at which devitrification occurred

. .as detected by X-ray diffractometry, The formation of voids due to an

elastic relaxation of the fiber compact was avoided by cooling. the ¢

" specimen under the applied load down to about 400°C., - This step was not



‘possible for samples with fiber 1oads of 5 and 10 v/o because the

system was not sufficiently strengthened to avoid cracking on cooling

LA}

under pressure, In this case a density of 100% of the theoretical

~density was easily achieved without cooling under applied pressure. v

The samples were surface ground wifh 400 and then 600 grit SiC grit
in.order.to remove the adherent graphite layer and give & uniform surfape'
damage. From the disks, bérs with a width of 1/& inch were cut with a
diaméndvcut off wheel runﬁing at a speed of 2300 surface feet/minute.
Due to the high ductility of nickel, a smearing effect of the fiber'ends
occurred on the cut faces of the samples, and was eliminated by grinding
these faces with 400 and 600 grit corundum paper. Tn the light of the
work by Nasdns, in which he showed that different surface treatmehts
of samples similar to the ones uééd here did not change the strength
significantly, it was felt thét an annealing of the samples after
cdtting was not necessary.- |

C. Sample Testing

The modulus of rupture was determined by measuring the load under

‘which the sample failed in a four-point bending device and calculating

the modulus of rupture from:

¢ = Mc/I
~ where
o = Outer fiber stress or modulus of rupture, .
M. = Bending moment,
¢ = Distance from the surface of the sample to the neutral N
fiber,
) . ¥
I = - Moment of imertia of the bar cross section about the neutral

axis.



bulk density could be determined by measuring the dimensions of the

sample and its weight.

Thé ipad was}appliéd,withla‘cross head speed of .04 inch/min., The load
bearing surface of the sample had been parallel to the axis of load
application during the hot-pressing. A load vs, deflection-cﬁrve was
automaticaliy recorded, Typical curveé are shown in Figs. 6, 7 and 9.

In order to bring about the characteristical features of the fibrous

dispersion, a fairly low magnification using a metallurgical microscope

was employed (sée Fig; 5). No special surface treatment of the samples
was necessary. |

The density was determined by measuring the bulk density and
relating it to the theofetical value calculated from the density of : 3
the hot pressed glass and that of the metal as‘lndlcated by the manu-

facturer. Since the samples had a well defined geometr;cal shape, the

The Youngs modulus ﬁas found by means of the resonance technique

. as descrlbed by Spinner and Thefft 12, From the frequendies obtained

and the dimensions of the sample, Youno s modulus was calculated using

13 : o ,
appropriate tables, The dimensions of the sample, 1imited by the

. size that could be hot pressed did not allow the shear modulus and

v hence the Poxsson s ratio to be determlned




I1I. EXPERIMENTAL RESULTS

The results of the streggth measurements of the systems with

‘tungsten and nickel fibers are listed in Tables II and III reépectiveiy.
-Twé values are shown for the strength of the samples, omne forAthe
.maximum strength observed and one determined when the load-deflection
curve departed f;ém linearity. These values are described as the
modulus of rupture and modulus of matrix failure respeétively and are
plotted in Figs. 3 and 4 The slopes hgve been drawn into thé figures
as calculated by a least square fit, Each data point is the mean value
of 10 to 25 tests, It was found‘that tﬁere is negligible difference
in the‘slope of the modulus of rupture and modulus of matrix failqre‘
for the two tungsten series, whereas for the nickel series the ratio of
the slope of the moaulus of rupture and that of matrix faillure is 1,69
for glass;B and 1.53 for glass C. It was not possible fo fabricate
completély dense sampies with higher'yoluﬁe fractions of_dispefsioné as
shown in Tables II and III. Thérefdré, the véry large standaxrd dé-'
Vviationé obser&ed weré a result of the increésed porosity and resultant
affect of ﬁorosity on strength, The.data poinﬁs thatﬁdid not fitvthe\
linearity were not used in calculéﬁing the_siope.

The strength values show that a minimun amount of fiber.dispersi§n
is needed in order to strengthen.the sysfem. This is in accord with
Cratchley'sl4 ﬁheoretical plo; of the ultimate tensile sﬁfength vs.
‘volume fraction of fibefs in a metalumatrixvreinforced by refractory
metal fiﬁers, There the amount of dispersion at which the'system has
its lowest‘strength was found to be 5 v/o. 1In the present experimental

wrk, no attempt has been made to find out what amount between O and
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glass A whose thermal expan

as shown in Fig. ‘8.

10 v/o fiber load is the critical value for the lowest strength.

There appears to be no simple explanation for the strengthening

behavior in terms of the thermal expansion coefficients of the phases

relative to each other, In the case of the tungsten series with the

sion is less than that of the 1nc1us1ons

greater strengthening is observed than in the glass B system with a

higher thermal expansion. The opposite effect was achieved in the

nickel series,

The mode of fracture is different in the two metallic fiber series

In the nickel-glass system the fracture propagates

perpendicﬁlar to the neutral axis, whereas the tungsten-glass system

N '

shows a delaminated fracture. This pattern was observed in all

specimens.' Fig. 9 represents the load vs. deflection curves of the

two bars shown in Fig; 8.

ngsten and nickel

\

From Fig. 5 showing typical-microstructures of tu

samples with 20 v/o of dlsperSLOn it can be seen that there is not

complete randomness of fiber orientation, Flgure 10 shows that the

randomness was two dimensional by comparison of the serenvth of samples

cut so that the tens1le surface was either the hot pressed face or a

plane perpendicular to it, 1In no case was the ten51le stress applled

Vperpendicular‘to the two dimensional fiber array.

The shape of the load vs: deflection eurves, typicai_examples of
Whlch are presented in Flo,‘ 6 for.the'niekel—glsss B series and in.
Flg. 7 for the eunosten—class B ser’es, appears to depeud upon tse ﬁlnd
of metal used as a dlspersson The sam pl s with 5 and 10 v/o nlckelv

even exhibited‘stress—strain curves similar to a material with an upper



and the point of the highest strength iIs greater fox
than for the ones with tungsten fibers. Many nickel
- samples failed to completely separate on bending due

deformation of nickel fibers across the Ifracture.

and lower yield stremgth, The strain between the failure of the matrix

nickel sampies

ass

[

reinforced g

to the plastic

The results of the measurement of Young's modulus for the tungsten-

glass A system are listed in Table IV. Figure 11 is

a plot of the

elastic modulus vs, volume fractlon of tungsten fibers., At low volume

fractions of fibers a linear relationship slightly beneath the upper

' . 15 .
bound of elasticity as calculated by Paul is observed. The points

for 15 and 20 v/o dispexsion fall below that line because of the in~

crease in porosity as shown in the figure.

Elastic modulus determinations by the sonic method could not be

made on nickel reinforced glass samples due to erratic resonant frequen-

cies and difficulties in diamond sawing suitable samples.



IV, DISCUSSION

The results in Figs.'3uand 4Aipdicate that the presence of a
‘strong interfacial bond between thelmatrix and the inclusions; as it
occurs in-the tungsten-glass systems, coﬁtribute significantly to the
st%ength of the compdsite. It is generélly recogniied that tﬁe
sérengfhening effect of fibers reinforcing a matrix lies in the fact
that stress is’transferred to the fibers through the maﬁrix. This
presumes that the fibers are stiffer than the matrix, - The better the

interfacial bond between the matrix and the diépefséd phase the more
stress is transferred, The fibers can carry more stress the higher
their elasticity is relative to that of the matrix;.‘For the tungsten-~
‘glass systems investigated Yougg’s modulus of the fiﬁé;s'is 4 and 7 .
times as high as .that of the glass and for'thé nickel-glass séries
2 and 3 ﬁimes:._Ihe fraétioq of the total force on the systéﬁ that can
v"be.carried'by thevfibers is a ﬁunctibn of their volume fraétioni This
R expléins the increase of stress fequirgd for the matrix_failurevwith'
increasihg volﬁme.fraction of the fibérs. |

- When during the bending test of a tuﬁgéten-glass sample the

strength of the matrix is exceeded, a crack develops at the surface

under tension and propagates through the glass, leaving a delaminating

fracture path, as shown in Fig. 8.
The nickel-glass systems lacked such a chemical bonding at the

interface, In the nickel-glass B system, the thermal expansion co-

efficient of the nickel was higher than that of the glass. Therefore,

during the cooling after the hot pressing, the fiber shrunk away from

the matrix, so that the system was incapable of transferring some

)
!
i
i
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stress over fhe length d£ the fiber,l It has already been mentioned

tﬁét the preparation of the_ﬁibers\qau;ed some plastic %low leaving

the ends of the fibers with an irregular shape, and an undefined surface
roughness; These ends are capable of anchoring the fiber ip the matrix,
. so that as an ;dealization the fiber‘may look like 'a dumbbell embedded
in glass. In this structure some stress can also be transferred to the
fibers, which explains the increase of strength with increasing volume
fraction of nickel as opposed to Jacobson's results with the system
nickel spheres - D gléss shown in Fig. 2,

'After the stress has reached the level at which the glass breéks,

a plastic deformation of the fiber takes place and either it breaks
apart or one of its ends slips out‘of the grip. This establishes the
ultimate strength'éf the system, The fact that the sample now does not .
fail at once is due tb the pulling of the fibers out of the matrix.

The same mechanism’applies for the ﬁickel-glass C system, The
highér therﬁal expan;ion coefficient of.the glass relative to that of
the nickel secures a somewhatvtighter gripping of the fiber, as ¢an be
seen from the slightly higher strength_of tﬁis4system ﬁs.-that with
glass B. |

The fabrication of dense samples was impossible where higher
‘volﬁme fractions of fibers were introduced. In these cases the com-.

- posite may belconsidered to be a threé-phase'systém consisting of a
continuous glass matrix, a fibrous dispersed phase ﬁhat enhances the
strength, and pores that exert a weakening effect on the system. This

is evident in Figs. 3 and 4 where the strength values for the higher
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fiber fractions fall markedly below the line indicating the trend of a
linear strengthening effect.

The same feature is shown in Fig. 11, where the porous phase also
affects the modulus of elasticity of the system. Tt is interesting that
the slope suggested for the Young's moduli of the samples with a low

. . e . C .1
fiber content is fairly close to the upper bound proposed by Paul

S 16 . Y e il . _
and Hashin and Rosen™ for a parallel alignment oX fibers, This may -

probably be ascribed to the incomplete two-dimensional randomness of

the samples investigated,
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V. SUMMARY .
In this study, model systems for a brittis matrix reinforced by

-randomly dispersed, crystalline fibers have been investigated to study

)

r

‘the effects of internal stresses, strong interfacial bonds, and volume

fraction of the dispersed phase on the mechanical strength of the
éomposite. The parameters were the modulusiof rupture as the criterion
for ultimate tensile stress a fiber reiﬁforced.system can bear, and the
modulus of matrix failure at which all further load has to bé carried
by the fibers.

Generally, both modulil were found to increase linearly with‘in-
creasing fiber content; where nearly a complete density of ﬁhe samples
could be achieved. As in similar systems with spherical inclusions,
the tungsten-glass composites having strong boﬁds‘between matrix and
dispersed phase énhance strength more than the nonbonding nickel-gléss
systéms.‘ In spite of the randém'orientation of the'fibrous inclusions,
"a theory that is accepted to cause strengthening of a matrix in which

‘parallel aligned fibers uniaxial to the tensile stress are embedded

is believed to contribute. significantly to the improvement of mechanical

properties of the systems studied, The strength‘of a fiber reinforced
composite depends on the stress thaf is transferred through the matrix
to the fibers, The amount of stress transfer can be increased by
‘securing a strong bond’between‘thé matrix and the inclusions,

in the nickel-glaés systems, the~contfolling'mechanism of carrying
load beyond the matrix failure is‘the,strength of the fibers that are

still gripped in both parts of the broken matrix, When they are



-

broken and pulled out of the matrix, the sample fails completely.
Because of the complexity of strains and stresses in systems as

have been treated here, only a qualitative explanation is possible, and

it appears that only further experimental worl will discover the

totality of mechanisms enhancing mechanical str nzth in a system con-

sisting of a brittle matrix and randomly dispersed fibers.
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" TABLE II

Moduli of rupture and matrix failure for the series
tungsten fibers - glass A and tungsten fibers - glass B

0

.10

14,6

v/o fibers 5 10 15 20 25
Glags A
 Rel. density % 100 100 100 99 9% o1
Mbdulﬁs of fupture | . S
p;i x 10~ 8.3 9.5 - 19 22.8 . 20,3 18.3
Std, deviation % 16 21 20  15.7 137  36.7
No. of tests 32 10 10 .10 18 10
Mbqulus of.matri§3 _ . B : : o
failure psi x 10 8.3 8. 2. 12,2 220;9 . 17.8 ‘17,9
Std. deviation % 16 18 21.6 20,3 19.2 31,5
Glass B."
_Rel, densit&v% | 100 §8.6 100 96' 92 90
. Modulus of rupture -+ . ’ TR T .
Lopsix 1073 -0 9,7 5.8 9,9 12 . 14,7 8.3
| std. deviation % S 10, 1.8 121 9.2 13,6 20.4
Mo of tests & 20 10 10 16 18 10 .
Moqulus ofimatg%x J o | e < . : ,
failure psi 10 9,7 5 8.9 10,1 13,9 7.5
'Std. deviation % 12 14,8 15.3 28.5




Moduli of rupture and metrix failure for the series—

* ' aickel fibers - glass B and nickel fibers - glass C
v/o fibers _ « 0o 5 10 20 | 30 40 50
Glass B
Rel. density % 100 100 99 98.3 56 93 90
Modulus of rupture : |
psi x 1073 9.7 5.9 6.8 9.5  10.5 13.3 °  16.3
crd. ceviation % 10 9 1.8 1.3 15 148 17.7
No. of tests ',.' 10 10 29 6 39 26 16
Mbdulus of matrix_ } . : R”= | .
failure psi x 1073 9.7 5.9 6.4 7.2 8.3 .1l.1  1L.6
Std, deviation % - 10 9 147 8.6 139 155 18.5
Glass C
Rel, density %- | 100 | 100 99.3 96 94,5 | 93.5 - 80 :
Modulus of rupture - | : . | v '
psix 1073 10,3 5.9 6.8 9.3 126 14,8 14,9
std, deviation % 21 46 106 11 20,6 2L1 . 9.9
| No. of tests 10 10 16 15 26 22 10
| Modulus of matrix  10.3 5.9 6.3 7.9 9.9 17 1LS

failure psi

Std, deviation % 21 46 13 9.1 .19.9 ~ 23.6 129

-
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Fig,

Fig,

- a diameter 25 to 38 u (after Nason)s,

FIGURE CAPTIONS
Modulus of rupture for the systems tungsten-glass N-2 and

tungsten-glass N-4 vs, volume fraction of tungsten szheres of

Modulus of rupture for the systems nickel-glass 8 and nickel-glass

~.

: . £ o - ’ . n ) . .
D vs. volume fraction of nickel spheres with average diameter.
4 o L
of 48 u (after Jacobson) .

Outer fiber stress for the systems glass'C—nickel and glass B-

nickel vs., volume fraction of nickel fibers.

Outer fiber stress for the systems - glass B-tungsten and
glass A-tungsten vs, volume fraction of tungsten fibers,
M A N

Microstructures of samples with 20 v/o fiber reinforcement.

A: With nickel fibers as viewed in direction of hot pressing.

B: With tungsten fibers as viewed in direction of hot pressing.

C: With tungsten fibers as viewed perpendicular to the hot
pressing direction,

Typical loéd deflection curves of the nickel-fiber,reinforced

samples, The numbers on the curves indicate the volume fraction

of dispersion,

Typical load deflection curves of tungsten-~fiber reinforced

samples, The numbers on the curves indicate the volume

fraction of dispersion,
Typical form of crack appearance for samples with tungsten
fibers (upper sample) and nickel fibers, as shown on the -

examples of 207 nickel in glass B and 20% tungsten in glass A,

i
i
i
{
i
|
i
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5 Load deflection curves for the samples pictured in Fig. 8.

10 Modulus of rupture of the system - blass B-nickel vs, volune

fraction of nickel fibers with different loading faces relative
to the hot-press face,

11 Young's modulus and relative density of the system tungsten-
~.

glass A vs, volume fraction of tungsten fibers., The crosses

represent theoretical modulus calculated after Paul,

i .r‘
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Modulus of rupture (psi x10°)
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Fig. 5a

ZN-5567
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ZN-5568

'Fig. 5b
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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

B. 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.
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