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Bertolotti and Fulrathl experimentally studied.the effect of stress 
.', '; .' 

concentrations on the strength of a porous glass by fabricating ~om­

posites of nickel microspheres in D glass (H;% Na20, l,.~ B20 h ~O% Si02)." 

The ,thermal expansion coefficient of the, glass was less than that of 

the nickel. Upon coolirig the nickel shrank away from the glass i'orming 

spherical pores which weakened the glass. Samples that were fabric'ated 

using small (5-10 lJIll diameter) spheres, however, showed an anomalous 

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. 
, 2 

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

a metal and glass when a balance of bond energies is achieved across 

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

This balance occurs when thermodynamic equilibrium is obtained at the 

,interface. 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. In order to determine if an oxide 

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

oxidized nickelmicrospheres and 80 Vol. % D glass were vacuum hot 

" , 

, .' 
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. to. 600°C and then.cooled for.the remainder. of ,the time under 

, .:; \" . 
,"', 

!.' ,""" 

sphere of argoll to J;.reventthe 0.0'50 in¢~ thick samples from cracki.ng • 

Nickel micr.ospheres 44-63 l1JIl in diameter were oxidized fqr various 

.. 
..... '.' ',~ -,':;. 

.,' .. ,.~ 

' .• : lengths of time in air prior to sample fabrication. Lengths of time. 

required for various percentages of weight gain (and therefore various-: .. '. 
~ 

initial oxide thicknesses) were determined from weight gain measurement's 

... :: .,.' 

,. , 
.. '. 

'.; ,~ 

. .... f':: 
1'·,,· 
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......... f •• " .... · 
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, ',,~ . .. ' The ~ot-pressed sample discs were ground, introducing a large con:->!;:' .'. 

centration of surface flaws, and cut into bars 0'.050" x 0.180" in cross':.: 
.. ,: : 

,., , ~,' .. 
t, • section. These bars were then broken in bending on a four-pointload-:-

. . ~ " ., .' 

. ing device with a 3/4" span. Strengths that were measUred are given 
.< ': .. , 

. <:. in the table. The variation of strength with percentage of 

during' oxidation is shown in Fig.l. It can be clearly seen that an 

." optimum chemical bond is developed and that the magnitude of strengthen.,. .. , 

. ~ .', "'.' :.;' 
ing (about a 50% increase over D glass alon~) is similar to that ob- ." 

':,".::> 
,,',; ·~r'.'::' ',' ~ . "~" se~ve4 by Bertolotti and Fulrath . Further invest.igation of the effect 

: t,' 

".,;" 

. , 

, ,' . 
',' . ':c ' 

of such a bond and the mechanism of strengthening that is involved is 

being undertaken. 

The path of fracture in a brittle material is altered by the in"":. 

clusion of particles of a second phase or pores. It is further altered 
. 

when a chemical bond exists between' the. brittle material and the inclu-

, :--

sion. If the inclusion is a pore, the fracture will propagate to the pore 

and around its diameter, .leaving a hemispherical cavity in the fracture 

surface. When there is a bond between a metallic inclusion and the glass 

.the fracture will propagate through the glass around the sphere, but 
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,Temp,. (OC) 

800 _ ' 

" 
II" 

II .. : ..... 

,II 

Crossbendingstrength and sta,tistical data for '" ,'> "', ,,', 
oxidized nickel-D glass composites 

Oxidation 
Time Weight 
(hrs) gain (%) 

1/4 

112 

1 

2 

0.3 

0.7 

1.1' 

1.7 

Average­
strength 

(psi) , 

10727 

11958 

12018 

10872 

; , 

Number 
of 

samples 

17 

" ~,' .. 

15 

, ','.: ..... ~ 

Standard ,~ 

deviation~ 

C% of average)' 

. " .... ': 

8.4 

6.2 

12.6 ::', 
; ,\' . .' 

. :~ . 
.- ," :~.. 

:, ".:::. ... 

", ." 

"'.-.~ " ,.'. . 
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. r",:- " ,',I R • 3 

'4 

2.2 , 10910 

10033 

" 10348 

,10260 

11.7 ' .", 
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'750 
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12-1/4 

'1/6 

. '1/2 

1-1/2 

2 

, ..... :', 4 
;' ~ , 

," . . ' , ' 

10 ' 

15 

D glass alone , ' 

2.8 

, 3.3 

5.8 

0.18 

0.3 

0.9 

1.1 

1.7 

2.8 

3.6 

", " 

D glass· & unoxidized nickel 

9557 

10190 

11743 

11445 

10117 ' 

11185 

10392 

7742 

.6"435 

. ,-' 

.' '. 

, , 
~~. . .', . 

17 

", 

'12 ," 

18.' '~.' 

19, 

21 

22 

"21 

ft 23 

18 

36 

32 

~ 'A , " 

, " 
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~ " 
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. ' .' 
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13.7 .. :,' 
.: <>' ":. 

:-!' -- !". " .' 12.1 . ; .. '., ", -" .. 
• . ~," ': '. ~ . "i.~ '. • , {" . 
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7.0' . 
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" ' ..... 1 .• 3 ~ :r~~ .. 

.. . ,( " :.: :' ~ . t -/; -.:.~ ',~ •. , 

7.1' i ',;' , 

5.4 

13.5 

8.1 
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,still within the glass. Fracture surfaces of coni po sites 
..... 

" , gl~ss(non bonded) and oxidized nickel-Dgl~ss'(bonded) ,were examined '.: ~ 
'.' '. . .,.' . 

IJ,', 

"";using,,a scanning electron microscope and 'confirmation of this fracture ". W"', 

; .. 
behavior ca~'be seen in rigs. 2 and 3. 

In the case of the non":bonded nickel (pore)-D glass system the,~ 

'/", 'fracture will propagate directly to and around the sphere ,due to 
•• ",+ .. '- .," .'. l:'~ ,'. ". 
. '. d'- .; l 

.::: .. '. 

... "';,'-:: '., " 

. , ': .~. -
f _ •• , 

,~ 

" T ••••• , 

" ~ 

"', .... ;: . 
" -:<") 

.;, ... 

" , 

.... 

concentrations around a spherical cavity., During the hot pressing of 

the oxidized nickel-D glass composite, an interfacial bond is formed by,:'" ' 
• ,,~, ':. ~,. '. < 

~ ~he migratlon of nickel oxide into the glass until the glass is 

with nickel oxide near the sphere. Because of the thermal expansion 

difference between the nickel and the matrix glaS$, a radial tenaile 
.~- . 

stress is developed.' In order to attempt to relieve this tension, a:,' 
,. ,'. 

fracture will propagate around the sphere at a finite distance in the', ' 
" ! . 

- .. 
, .. , . 

.' ..... ' .. 

glass phase. A more quantitative investigation of this mechanism is :\':;',,':, 
. ,'. ~ 1.··. 

being undertaken, but the proposed hypothesis of Bertolotti and Fulrath[~"'~'.· 

is confirmed by the behavior observed in ~igs. 2 and 3 • 
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FIGURE CAPl'IONS 
~ .. 

Fig. 1. Composite strength as a function of weightgai.nduring-

oxidation. .', 

Fig. 2., Scanning electron microscope photograph'of fracture surface- " ' 

Fig. ,3. 

. l 
" ' 

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

Scanning electron microscope photograph of fracture surface 

- of oxidized nickel,.;n glass (bonded) composite. 
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