Lawrence Berkeley National Laboratory
Recent Work

Title
STRENGTHENING BY CHEMICAL BONDING IN BRITTLE MATRIX COMPOSITE

Permalink
https://escholarship.org/uc/item/7nb7950H

Authors

Stett, Mark A.
Fulrath, R. M.

Publication Date
1968-07-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7nb7950h
https://escholarship.org
http://www.cdlib.org/

rd

UCRL-18336
Vs

University of California

 RECEIVED |
IRENCE Ernest O. Lawrence

RADIATION LABORATORY

isws  Radiation Laboratory

LIBRARY AND
DOCUMENTS SECTION

STRENGTHENING BY CHEMICAL BONDING
IN BRITTLE MATRIX COMPOSITE

Mark A. Stett and R. M. Fulrath

July 1968

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545

L — <
; * *p

Berkeley, California

2¢¢8 - T4



DISCLAIMER
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Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
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'STRENGTHENING BY CHEMICAL BONDING - .
IN BRITTLE MATRIX COMPOSITE.

_“Mark A. Stett and R, M. Fulrath .’

>Inorganic Materials Research D1v1s1on, Lawrence Radiation Laboratory

" and Department of Mineral Technology, College of Engineerlng, --3;“3'?
Unlver51ty of Callfornla, Berkeley, California :

Bertolottl and . Fulrath experlmentally atudled the effect of stress .

concentratlons on the strength of a porous glass by fabrlcatlng com~

.lposites of nickel microspheres in D glass (16% Na.0, lw% B,03, 707 Sioz);iffii

" The thermal expansion coefflclent of the glass was less than that of | |

 the nickel., Upon coollng the nickel shrank away from the glass formlné ' l£{5}
>'@.'spher1cal pores which weakened the glass. Samples that were fabrlcated | |

~ using small (5-10 ym diameter) spheres, however, showed an anomalous:f‘f

strengthening of the glass. It was proposed that adsorbed water on the
surface of the glass powder used in fabricating the composite caused

oxidation of the nickel surface and resulted in a bond between the

oxidized nickel microspheres and the glass.

"According to Pask and Fulrath,2 a chemical bond can occur between

"~ a metal and glass when a balance of bond energies is achieved acrossl

the transition zone at the interface between the metal and the glass.

This balance occurs when thermodynamic equilibrium is obtained at the

. interfacé. By thermodynamic equilibrium it is meant that each of the

phases is saturated with the other and that there is no possibility of
further reaction to form a new phase. 1In order to determine if an oxide

is needed to develop the optimum chemicel bond, composites of 20 vol. %

voxidized nickel microspheres and 80 vol. % D glass were vacuum hot



jfé'sphere of argon to prevent ‘the 0.050 inch thlck samples from cracklng. :

. at T50°C and 800°C.

r°glsectlon. These bars W°re then ‘broken in bendlng on a four-p01nt load—

{{f,ing dev1ce with a 3/h" span. Strengths that .were measured are glven,td

e _clus1on of partlcles of a second phase or pores. . It is further altered

L»pressed 1nto samples at 700°C and 2000 psi for lO mlnutes, free cooled

) B S ,f
'4lto 600°C and then cooled for the remalnder of the time under one atmo-

"+ Nickel mlcrospheres Ly 63 um in diameter were ox1dlzed for varlous ;';;"
‘lengths of time in air prior to sample fabrlcatlon. Lengths of timef>"
"‘requlred for various percentages of weight gain (and therefore varlous

'f-lnltlal ox1de thlcknesses) were determlned from weight galnﬂmeasurementsf

The hot-pressed sample discs were ground, 1ntroducing e large con-z

1«rcentratlon of surface flaws, and cut into bars 0 050" x 0. 180" in cross

‘E"in the table. The variation of strength w1th percentage of welght galn
" during ox1dat10n is shown in Fig.l. It can be clearly seen that an Jf
:3f optlmum chemical bond is developed and that the magnltude of strengthen
| ing (about a 507 increase over D glass alone) is similar to that ob-”
:g'served by Bertolotti and Fulrath, Further investlgatlon of the effect E
v’of such a bond and the mechanism of strengthenlng that is ;nvolvedr1s
pbeing undertaken. o B

The path of fracture in a brittle materlal is altered by the 1n—'

. when a chemical bond.exists.between,the.brittle material and the’ 1nclu—l,s"}:1§;
sion. If the inclusion is a pore, the fracture wlll propagate to the pore ]fﬂ

,: and around its diameter,.leaving a hemispherical cavityfin'thehfracture -
surface. When there is a bond between a metallic incluSion and-the glassf

‘the fracture will propagate through the glass around the sphere, but
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Crossbending strength and statistical data for
_ ox1dlzed nlckel-D glass comp061tes '
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f:istill'withinntnevélass;tvfraetnrersnrfaces of:éoﬁpdsites of'niokei-D
e ;glass (non bonded) and oxidized nickel—D glass (bonded) were examinedb
,;using & scannlngleleetron mlcroscope and confirmation of this fracture
.behav1or can be seen in Figs. 2 and 3 _ | ‘ | | » i .

In the case of the non-bonded nickel (pore)—D glass system the
;mfracture will propagate- directly to and around the sphere due to stress:
“:dconcentrations around a spherical cav1ty., During.the hot pre551ng ofu
f?'the ox1dized nickel-D glass comp051te an interfa01al bond is- formed by
fﬁ‘the mlgration of nickel oxide into the glass until the glass is saturated
; with nickel oxide near the sphere. Because of the thermal expan51on 'v‘
inpdifference between the nickel and the matrix glass, a radial tensile

;fstress is deve10ped In order to attempt to relieve this ten51on,jeip
fracture will propagate around the sphere atua‘finite distance in the:
'-Q‘glass phase. A more quantitative 1nvestigation of this mechanism 1s

’:ﬁ??'belng undertaken, but the proposed hypothe51s of Bertolotti and Fulrat

- 1s confirmed-by the behavior observed in Figs. 2 and 3.
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" oxidation.

~.of nickel-D glass (non;bonded) composite.

E_Scanning eiectron microscope‘photographiqf frééture éurfac
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Composite strength as a function:of”weighﬁ.gain.dUriﬁg-  ;¢ o
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Scanning electron microscope photdgraphvof'fraéture‘éurface '“4

of oxidized nickel-D glass (bonded) composite.
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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.





