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THE CHARACTERIZATION OF THE MATRIX OF
- BRITTLE MATRIX COMPOSITES

J. F. Holzgraf and R. M. Fulrath
Inorganlc Materials Research Division, Lawrence Radlatlon Laboratory,"
- and Department of Materials Science and Engineering,

College of Englneerlng, University of. Callfornla
Berkeley, California

ABSTRAOT
A sode borosilicate glass was prepared iﬁ'four different rays to
'vary“iteﬂwater cehtent. ‘Uniaxial bend strengths ef the glasses and of -
5ritt1e matrix composites prepared from the glasses-are reported as a
.>function Qf'water concentretion. | | | |
Abraded and as-sawn glass and composite‘strengthe'decreased with

' decreasipg water content, The effect of the water on the_glass Structure

and abrasidnrcharacteriStics is discussed in relation to the strength.
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© I. INTRODUCTION
' The study of the strength of brittle matrix composites has been
. 1o

investigated extensively by Fulrath and his co-workers. They have.

chosen one general system for study in order to degl'effectively with the
interrelated‘variables. This system has been tﬁngsten, alumina,‘or.v
nickel microspheres embedded in soda borosilicatebglass matrices. from
this w0rk,.four varigbles have been shown to effect the cémposite
strengths. They are (1) the relative size énd vol. % of the disperéed
phase, (2) the bonding characteristics between the'disperSed phase énd'
the matrix, (3) the difference in the.thérmal expahsion of ‘the matrix
and the dispersed-phase, and (4) the di fference inithe elastic pfopérties
of the matrix and dispersed phase; | o
Thc‘systcm used in this study was Alzog microspheres of the same
size and.vol. % dispersed in a soda borosilicate giass of the same thermal
expansion as that of Al20s. This insured that each of the sbove four
variables was held essentially constant. The largest variable of a
single glass composition was found to be the amountIOf hydroxyl.ions in
the glass.
Several investigators have studied the(éffect of chemically absorbed .
water on the structure and_physical pfoperties of glasses; Sholze

proposes that water enters the glass by the reaction

H20(g) * O(me1s) = 2(0W) (gers) @

This breaks up the silica structure as shown in the reaction
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/ \}’\ + 20 —-»/‘\/0H 84 (2)

Si 8i Si Si Si HO O

As a natural génsequence'qf'tﬁésé structural changes, the viscosity, .
density, éﬁd ﬁéarly all other physical properties change to some extent.
These'chgnéeS'were discussed;by'ShBlze,6 and Heatherington and Jack.7
Infrered spectroscopy has 5een shown to be an effective'éuanﬁitative
tool in déferminipg water contents in glass. Specifically in a éoda
vborosilicéﬁe glass an ebsorption peak occurs at 2.75 mi¢rons which is
attributedvto.the Si;OH'Stretching vibration (Fig.'l). Using this peék

and the Beers-Lambert equation

InI-= - ecx - - 13)

I =_trénsmitted intehsity_
I° = initial intensity
X = optlcal path length (cm)

a water concentratlon, c, can be determlned Because the extinction CO~
efficient,le, is not available for all glasses, a value of 56 £/mole
H20-cm was used vhich was determined by.Gﬁtz8 for a Na;0-Ca0-Si0O, glass

of nearly the same Si02 concentration of the glass used in this study.
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1. EXPERTMENTAL PROCEDURE
‘A, Materials )
D—glaés wﬁth a composition (1L4% B,03, lG%,Nazd; T0% SiOz) was
chosen as the matrix in this study’bedausg its thermal‘gxpansion nearly
matches that of 31203. Four methods of preparation were used to vary the
water content. They were:
(1) Melting and firing of boric acid, Ne,C0; and silica sand in a
platinum crucible in air at 1350°C for 2 hr. |
(2) Meiting and firing of anhydrous borax,'NaZCO3, and silicé.sand
in a platinum crucible in air at 1350°C for 2 hr. |
’(3)AVacuum remelting of (2) in a vitreous carbon crucible a£-l200°C
for 1/2 hf.
~(4) Mixing the crushed powders of (1) and (2) in a 50-50 wt % mix-
ture. | |
 To iﬁSure effective mixipé with thé‘alumina microspheres, the glass
was theh ball milled for 6 hr; vhich gave a glass particle éize com-
parable to that of the Alzba spheres, M
The A1203 microspheres.ﬁere prepared in a R-F induction plasma unit.
The raw matgrial was Norton_38;500 abrasive grain. The spheroidized |
AlgOs vas’ 'separé.téd Wﬁ'.tﬁ an Allen Bradley sonic sifter into a —20+10 Hm
: ‘size“range; | o |
: 'The*précedure for hot—pressiné‘the glasses and the CGmpbsites was
identiégi;v'Composites‘were prepaiéd from 60 vol. % glass and Lo VOl; %
Alzba. Thé'powders vere mixed thoroughly to eliminate any powder con-
Slomérafion.and then heated at h60°C fqul hr. in air. This vas.to in-

sure that there were no differences between the surface gbsorbed water
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on the‘hotébressed glasses end cbmpoéites. The pswder‘was'then.plaeed '
immediately'in a graphite die and evacuated in theiﬁet press. Graphite
dies were ellTlined with .005 in. thick Grafoil* sheef'to insure easy
die release as well as minimm die wear. |

The glasses wereé hot pressed from 630-680°C and the compos1tes from
700-7h0° 5 Thls depended on where .the glass powders or glass and alumina
powder mixtures reached a sufficiently low'Viscbsity for hot pressing a
.tﬁebretieally dense compact. A pressure of 1000 psivﬁasvapplied at
) temperatu;e:aﬁd held for 10 min. .The final specimen size_efter hot;'
pressing was 2 in. in'diameter and 1/b in. thick.

The surfaces of the hot-pressed disecs were:ground off with a 36 Hm
diamoﬁd wheel and mounted on graphite blocks for sawing. The saw blade
“used ﬁas a Di-Met model (D200-A100-MB 1/8)7withvan outside diémeter of
4 in. end'a thiekness of 0;020‘ih. 'Sawihg was done parallel to the hot-
pressed direction. Strength bar sizes were all app}oximately 0.080'in.
by 0.25 in. with varyiﬁg 1engths; Density'end thermal_expansien-samplesf
were also cut from the hot—ﬁressed dises. The density of all the glasses
- measured by an Archimedes technique in 200 proof ethyl.alcohol was
2.h6 gm/ce.-.Within experimental error the thermal expansion coefficient

of all the glasses ‘was found to be 8 x 10 -6 in/in°C

_ B. Mechanical Testlngfand Infrared Measurements
Uniaxial strengths were measured on a four point 1oad1ngbdevice‘
with an overall span of 3/4 in. and a supporting span of 1/4 in. Time to

fracture of glass specimens was about 20 sec. and for the composites

*_Prodhct of-Uhion'Carbide.‘
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' ‘ .' j_'v:ebo'ut. 66 s.ec‘.v. Abra.ded specmens were unlformly abraded w:Lth 2140 grlt
) o SlC on av glass plate lubrlcated w1th kerosene. | | o
' Infrared measurements Were \made w1th a Beckman IIR-h spectrometer -
uu : v:_ o »i':- using a. double beam technique w1th air a.s the sta.ndard._._ pecunens vere
! cut from hot—pressed dlscs a.nd mechan:.cal]y pollshed on 'both s:.des to |

'-approxlma,tely 0 030 in. thlck.ness.
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III. RESULTS AND DISCUSSION

Unia.xial glass strengths 'a.r'e tshown in Teble I‘ a;nd piotted_against ,
water concentration in Fig. 2‘.“'IFigure 2 shows that (1) the as-se.wn and
_ abra.ded gla.ss strengths incre ased with increasing water content, and (2)
: the differe-nce-»between the as-sawn and sbraded strengths ‘increased with
increa.si.ng ws.ter conte_nts'.‘

" In th_e coniposites;?there was a s]'._iglrx‘t"differencve' in the interl;:article'
spacing from conxposite to camposite which would vary the strengths as
h.ypothési'zed by Hasselms.n.l Therefore an 1nterparticle spac1ng ()\) was‘
.measured by a statistical 11ne technique described by N1vas.3 .Multlply-
1_ng the observeo. strength _by )\l/ 2. sta.nda.rdlzes the dlfferent comp031te
: strengths'to the same interpartlcle spacing. Figure 3 shows that the
| standard;lze_d.conrposite strengths fo.ftlow the same trend as the glasses
with varjing' mter concentration. N

At the start of this investigation it was thought that there would
be an increa.se in the strength of the gla.sses and compos:Ltes w:Lth de-

_ crea.‘sing water content, the reason bei_ng that the elastic moduli, E, and

fracture surface energy, Y, in the Griffith equation
v (k)

critical stress for failure

Q
L]

flaw length
would both increase._ From the da.ta it is evident that an mcrease of

E and Y opposes the 1ncrea.s1ng strength m_th mcreas:.ng wa.ter contents.
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Thefefore, eiastié modulus and fracture surface energy changes were con-
sidered tbjbe small.

It.was.also postulated that the water contentfcquld éffect'the
degree of bondingvbetween the alumina and the‘glaés.' Figﬁre b is a
scanning eleétron micrograph of a composité fracture surface. This type
of fracturé”was typical for all the composites and showed a gbod boﬁd
(i.e. no pull-outs) in all caées. Also, withvfhe'aid of the electron
microprobe it was found that the dissolution of Alzqa‘into the glass was
negligiblé and did not véry’with water ccntent. Because a good bond
existed iﬁ all the composites and the bond was uniform'with_varying water
contents, its effect on the strength was conéideréd negligible.

The scahhingelectron microscope did reveal some interesting dif—‘
ferences in the as-sawn and abraded glass surfaces which could be re; |
lated to theiétrength; Figures 5 aﬁ& 6 show the cutting action of the
fine grit sﬁw blade on glasses with varying water contents. Figure 5
shows thaf'thé iOW'water content glass was cut by a‘chipping process
vhich develops large pité and sharp interse&tionsvin the as-sawn éuf—'
faces. Cbmpéring Fig. 5 to Fig. 6 the sawing action has caused the high

water content glass té flow and create large smooth.patches on the sawn

surface. This suggests that with increasing water content the low

tenperafuré viscosity decreases enough so-thatbthe heat generated by
.sawing caﬁséé viscoﬁs flow.

The abrasion treatment of the SiC is‘élearly of a diffefent nature
thgn sawing. Figures 7 and 8 show thexabraded glass suffaces with high
and‘loﬁ'water contents. It can be seen that with!decreasing wéter con—

tents the surface appears to be less severely damaged by the abrasion.
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Thistimnediately snggests the reason for the increasing difference
~ between the'es-sawn and abraded glass strengths with increasing water.
contents.'.Apparently as the water content increases,ithe flaw severity
E caused by the sawlng decreases. This is because the niscons'flow
dbsorbs erergy of the impactxng saw blade, and heat is generated whlch
can'heal cracks at the surface. When the sawn surfaces are abraded
though,‘the eiisting'cracks'of the high watertcontent'glass are extended
further than they are in the low water content glass., The siﬁple;diff
ference . in the change of the average flaw length, d, in Eq. (L) is then
the reason for the strength differences. |
The‘composite strengths follow this same line of reasoning, bntvit
"is evident that the drop of the as-sawn strength from tne SiC abrasion is
only 1/4 to 1/2 of that shown witn.the glasses. This wonld be reasonebie
r.because,the‘microspheres would be expected to inhibit any crack'eXtension
past the*anerage'interparticle spacing; A. Also, the severe SiC abrasion
would be expected to cause the maximum size of flaws in the composites
because the flaws are limited by the dispersed phase.. Further‘analysis
of the abraded composite standardized strengths in Fig. 3 show that even
" when the flaw size should be equal &nd a maximum there is still a de-
crease in the strength of the composites>with.decreasing water contents.
ThJ.S suggests a.nother strength controlling varisble.
The observed difference in the viscous behavior of the glasses in |
Eigs. 5 and 6 is an explanation. Irw:m8 has hypothesized that there is
a "plasticé (viscous) zone at the crack tip in brittle materials. Thlsv
zone ebsorbs energy and increases the strength by'decreasing stress con-b'

centrations at the crack tip over a material which shows no "plaStic"
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‘behavior. It is possible in this system that with ihcreasihgiwater con-

tents the sphere of influencé of this "plastic" zone increases and in
turn iﬁcréasesvthe strength.‘ o

Finally, because all the samples were brokeﬁ'in air at relatively
slow loading rates (20-60 sec), it is possible stress corrosion at.the
crack tip-ffém the water vapor in fhe air migh£ véry the strength.
Priest and'Levy9 found that in alkali bérdéilicate glass the'COrrosion
resistancé against 20% HCL acid decreased with.decreasing water contents
of the glass., "It would also seem reasonsble that attack by water vapor
in the air would increase'with:déCreasing glass water‘dontenﬁs. This 
would'ﬁe due to a change in the thermodynamic equilibrium between the
water in.the'atmosphére which can chemically sbsorb on the surface and
the water content in the glass. This increasing corrosion with decréas--
ing3water contents would then accounﬁ for the drqpin.strength.with
decreasing'wéter contents. .

VThe sizélof the viscous zone and/or the degree of'stress'corrosion

are then logical explanations for the decreasing strength of fhevéhraded,
10

work as well as the low temperature viscosity differences seen in scan-
ning electron micrographs of the as—sawn surfa¢es give credence to these

explanations. More work though is necessary t6 clarify this point. .
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IV, CONCLUSIONS.

#

This work has shown that the water concentratlon 1n the glasses has'f*'

fﬂa 81gn1f1cant effect on the as-sawn and abraded glass and_brlttle matrlx

and abra81on characterlstlcs as shown by scannlng electron mlcrosc0pe

\

'Texamlnatlonev

The change 1n water content also varles the saw1ng“
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Table I. Crossbending strength and statistical data .
for the composites and the glasses :
o Wéter B | Glass* g Glaséf# o GlasST# o Composite+# 0 Compositet# | R
Glass = Concentration Hot-Pressed as—sawn Abraded - as-sawn " Abraded . Y 1/2
No.  (Moles H0/%) Temp.(°C) (x10* psi)  (x10* psi) . (x10" psi) (x10"* psi) (vm) ,
1 .0592 620 1,01 (11.7) .80 (11.2) , - - -
2 0362 - 6ho .93 (10.3) .78 (5.1)  1.68 (7.3) - 1.55 (8.3) - 3.12
3 .0013 680 .79 (8.8) .67 (L.6)  1.53 (2.1) 1.47(3.8) 3.01
Sk Longs 630 1.00 (6.8) .77 (5.1)  1.9% (2.9) 174 (k9)  2.92

eI

* A1 éomposites were hot-pressed 70-80°C ebove this temperature, .
AT‘Number in parentheses is standard deviation (percent of the mean).

# All strengths represent average of 25 samp1es. (Two highest and lowest strengths were neglected,).

A3y gRE0Z—-TYON
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'“fﬁfFigufe‘I;a Infrared transmlttances of glasses 1, 2 and 3 ‘s.%"A o

f Fiéure[Z;fonlaxlal bend strengxhs of the glasses as a functlon of ff_.

R 5

E;ffthelr water concentratlon., :
;fEiéﬁiéujg:iStandardlzed unlaxlal bend stfengthsrof the compesates as::~:-“;
o .T_?; functlen of thelr water concentratlon.  ‘ _ . R
b”inFiénfe ﬁ,ieScannlng electron mlcrograph.of a typlcal comp051te fracture;;n

| »i surface. ($SOX) o |
¢'1;F:;F1gure 5 and 6. Scanning electron mlcrographs of the as-sawn glass ;72 P
. surfaces.: R T
Fig. 5 - .0013 moles H e/z (left)
:. Flg. é - oh85 moles H, o/z (rlght)
'177:tisu?éjf;AAd é; Scannlng electron mlcrographs Of the 8ic abraded

ffliglass surfaces.“

Flg. (B 0013 moles K 0/2 (1eft)

' ' Flg. 8 - .0h85 moles H, 0/2 (rlght)




1
A
|

B - R s 5 L
WAVELENGTHV-MICRONS

XBL 4010 6705




0
Q.
x
&<
e

el
WATER CONCENTRATION = MOLES H20/2

002

004

006

' XBL 7010 6704-

RS

S ,,V‘v'ﬂ

W




"_17_'

4.0 1 | 1 | 1 |
' 0] 0.02 004 - 0.06

- WATER CONCENTRATION, MOLES H,0/4

XBL 7010-6706 .

Fig. 3



=8

XBB 7012-5L473



~19-

.

XBB 7012-5kLT2

Fig. 6.
Figs s



=20-

Pige T Fig. 8.



*

LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




b .

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

-

¥



