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A solute exerts an oq(otIC i ricssure 'qual to the pressure that would be
exerted by a gau; having the same nutiber of molecules in a volume equal to
tha t occupicd by the solution. Consider a change in volume of the
interfacial cavity from V to VI resulting from dissolution of n moles of

solute.

pV = nRT

Tht . r,,in .nergv rt.lease = fpdV

f nPT dV

V

- nRT loge (V0 +

-RT log e Y

PO

.1h . 1 .t. t .- v.,iat. of t he osmotic presstir? corresspondfng to volumes

h.. s'v r--'.r . t iv - . "
' - .' " I!-+ l.ast I c

- ' ..': (V + V.) + ,:
S E L L . , 1

.1 ~ - ~r. ~j ~to ctI ji iti z-em ncrgv rl ease maYv be found by

j|

I0

. -'M" I



We must take the positive root, hence?

V I Y , + 4a 2 nRT (I 3+ i Y 2 2 --

2 3E 16itab nRT!

- Vo + /4ab 2 nRT for large values of b
2 3E

3.3 Model 2

Alternatively, interfacial failure due to cracks inflated by osmotic
pressure could be modelled as follows. Suppose a constant pressure

reservoir supplies the "gas"

Energy, F = -p1 V, + 2l V, = -IPI V1
2 2

elastic =-2__ 1 2 ab2

3 E

but Esurface 2y it ab, where y is the specific surface energy

so Et I  2y n ab -21T 1
2 ab2

=total 2yra- 4n p12 ab-- tt al3 L

2=a (y -2 p2 b)

which is negative if

b > 3Ey i.e. if p > 3Fy2-- 2 A -

OFtota I  2y3b ) 2 p b2 = 2nb(y -p2 bOa t o al-it E I3% -"

and is negative if h > R

p

I1



CF. otalis evidently more negative th:n . Etotal,so the expression

for Pcrit is taken from the former.
Taking as trial values E = 3GPa, y iJ/m 2 and b 10 im,

Pcrit= :3.3xl0 9.1 = OPaA20 10

3.4 Observations

It is important to note the distinctive behaviour of pressure filled
interfacial cracks under the two extreme types of inflation outlined in
models 1 and 2. Model 2 corresponds to the uniform tensile stress type of
loading that was treated by Griffith, and gives rise to an unstable
critical crack size such that a smaller crack will not grow while a larger
one will grow without limit. This critical crack size corresponds to a
maximum in the sum of mechanical and surface energies. Model I implies
loading at the mouth of tile interfacial crack (as by the driving in of a
wedge) and results in a stable crack size corresponding to a minimum in
the sum of mechanical and gas energies.

Thus, model 2 predicts instantaneous interfacial failure if a constant
osmotic pressure equal to a critical pressure can be maintained, whereas
model I predicts interfacial failure at a rate determined by tile
requirement that each pressure pocket maintains its volume at a minimum
energy level.

In Figure 11, the overall rate of interfacial failure is taken as the rate
of loss of load transfer index in short fibre composites. The load
transfer index is the optical. retardation measured through diameters close
to the centre of an individual short fibre minus the optical retardation
measured through diameters near the ends of the same fibre. It is evident
that interfacial fai lure proceeds at a rapidly decelerating rate such as
would be expected if model 2 dominates at the time of initiation but gives
way to model I during propagation.

According to model 1, interfacial pressure pockets maintain their volumes
at values determined by the square root of the number of moles of
dissolved solute. It has been observed that solutes can be leached from
the fibre in some cases , leaving an "etched' fibre surface, and in such
cases the availability of the solute is presumably governed by the rate of
diffusion of the solute to the surface of the fibre. The simplest
diffusion model predicts dependence on the square root of time, and the
combination of these two processes leads to a dependence of tile volume of
tile interfacial pressure-filled cavities on the fourth root of time. The
broken line In Figure 11 corresponds to a (time) law.

16



4. 0N THE %SSU!PTIO*: THAT EPOXY REF E .S ARE FREE FPO.' SHEAR STRFSS DURING
CURE

4.1 Hypothesis

The accelerated cure react ions that take place during the elevated
temperature curing, of ept)ry resins prumote cross-linking and thereby give
rise to shrinkag.. TIt re are 114) sope r iripostd dimensional changes
attribut able to such process- as chain sciss itoin, as could be the case
in polyesters that contain di ffused wattr, or to the release of volatiles,
as might he the consequenct, of condensat ion reactions in polyamides for

example. The shrinkage is assumed to be homogeneous because any tendency
to create shear stress is thought to he relieved by viscoelastic flow.
This assumpt ion is based on the premise that before it Vels, the fluid
resin behaves in a Newtonian fashion and is unable to support shear

stress.

4.2 Experimental

19mm diameier soda-lime glass cover slips of two different thicknesses
were bonded to 1mm thick soda-lime glass microscope slides. Tile cover slip
thicknesses were 1401im and 23 0gM respectively and, the epoxy adhesive was

Redux 312/5. The cover slips and microscope slides were thoroughly

cleaned by ion bombardment before manufacturine the joints. Each specimen
was mounted in a specimen chamber so that the free surface of the cover
slip was in close proximity to an optical flat. This assetibly was then
mounted on an optical bench. In order tIjat a tini form temperature
distribution was maintained across the specimen, it was mounted on a thick
disc of copper. This in turn was held in good thermal contact with the
aluminium specimen chamber. Figure 12 is a schematic diagram of tile
optical components. The space between cover slip and optical flat Is made

small enough to allow optical interference between light incident upon and
reflected from the free surface of the cover slip. Any changes in shape of

the interference cavity, due to deformation of the cover slip caused by
non-uniform changes in dimensions of the epoxy layer, cause the pattern of
interference fringes to change.

Figure 13 shows a sequence of interference photographs recorded during the
warm up period of a specimen manufactured with a I4 0 pm thick cover slip.
The time taken for the specimen to reach the (tire temperature was 30
minutes and a substantial amount of the shape chan.e occurred during this
heating-up period. Initially, the cover slip is slightly deformed convex
upwards but this soon kives way to a much larger concave deformation, the
subsequent development of which is further examined in Figure 14 by
creating Moire patterns between successive photographs of the Interference
pattern and the pattern photographed when the specimen had completed its
half hour cure. The toir6 fringes are the circumferential fringes, each

17
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