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INTRODUCTION

The rela[lonships between [he extent of interracial

bonding, energy dissipation mechanisms, and fracture

toughness in a glassy adhesive/inorganic solid joint

arc not well understood.’? We address this subject
with a model system involving an epoxy adhesive on

a polished silicon wafer containing i[s native oxide.

The ex[en[ of intcrfacial bonding, and the wetting
behavior of the epoxy, is varied continuously using

self-assembling monolayer (S AMS) of
octadecyltrichlorosilanc (ODTS).’ ‘ The epoxy
interacts strongly with the bare silicon oxide surface.
but forms only a very weak Interface with the

methylated tails of the ODTS monolayer. We

examine [he fracture behavior of such joints as a

function of [he coverage of ODTS in the napkin-ring
geometry. Various characterization methods are
applied to the ODTS-coated surface before

application of the epoxy. and to both surfaces after

fracture. The fracture data arc discussed with respect
to the wetting of the liquid epoxy on (he ODTS-
coated substrates, the locus of failure, and the energy
dissipation mechanisms. Our goal is to understand
how energy is dissipated during fracture as a function
of interface strength.

EXPERIMENTAL

Materiats. The substrates used in this study were
polished single crystal silicon wafers (type P,
orientation 100) from SilicaTek. ODTS was obtained

from Akros and used as received. EPON 828 resin

(Shell) was obtained from Shell and crosslinked with

JeffamineT-403(HuntsmanChemicalCo.) at 46 phr.

Procedures. The wafers were cleaned in a UV-ozone
chamber and then submerged in a
hexadecane/chloroform solu(ion containing ODTS.
The coverage of ODTS was varied by controlling the

time of exposure to the solution. The SAM-coated

wafers were sonicated in toluene to remove

nonbonded material, and then dried. Contact angles
were measured using a video system from Advanced

Surface Technologies. Mass coverage of ODTS was

determined by X-ray reflectivity.’ Sandblasted steel
rings were bonded to the ODTS-coated silicon

substrates and the epoxy was cured for 48 hrs at 50

“C. Samples were fractured in a napkin-ring torsion

test using a Mitutoyo digital torque wrench mounted

in a home-made goniometer.

RESULTS

Figure 1 shows the maximum shear stress (IS~U) In the

napkin-ring torsion test as a function of ODTS

coverage, where the latter is reflected in the
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Figure 1. Maximum shear stress versus equlllbnum wawr
contact angle on ODTS-coated substrak

equilibrium water contact angle. Each data point
represents the average of ten samples. High ODTS
coverage corresponds to a high water contact angle
due to the methylated tails, whereas the water contact
angle is zero on the bare silicon oxide surface. At
high ODTS coverage, cr~,X is below the detection
capability of our measurement method. With

decreasing coverage of ODTS, cr~., increases over a
very narrow range of the ordinate. A plateau value is

reached at a coverage corresponding to a water
contact angle of 98°. The plateau value of 30 MPa is
somewhat lower than the yield stress in shear of the

bulk epoxy (- 40-45 MPa).

We note that the equilibrium water contact angle is a

highly nonlinear function of ODTS mass coverage.
This is shown in Figure 2. There is a strong decrease
in mass coverage (roughly 35 70) as the contact angle
decreases from 115° to 950. Figure 3 shows cn,ax as a
function of the relative mass coverage. Full coverage

corresponds to a surface density of 1.9 mg/mz. The
maximum shear stress is a highly nonlinear function



DISCLAIMER

This report was prepared as an account of work sponsored
byanagency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make 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. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.



Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.



.

Overall, however, %PETN determinations have shown a material that has retained most, if not
all, of the IJ)31_”Nunder these aging conditions. Different chromatographic techniques are being
used to detect decomposition products. Gas chromatographyhnass spectroscopy detects elevated
levels of gaseous decomposition products such as nitrous oxide, carbon monoxide, and carbon
dioxide. Acetone is also seen and is most likely present as residual solvent from the crash
precipitation of the PETN prior to formulation. No extra peaks have appeared in the HPLC, and
only low levels of nitrate and organic anions are seen using ion chromatography. Gel permeation
chromatography (GPC) is used to detect the lower moIecuIar weight portions of the binder that
ean be extractedinto tetrahydrofiran(l’HF). Overtime and temperature,the amountof this
materialdecreaseswhichis consistentwiththe observationthat hardnessincreaseswithtime and
temperature. The binder continues to cure for a time even at ambient temperature. GPC also
revealed the presence of PETN homologs which decrease over time and temperature. As a
qualitative observation of decompositio~ a color change from white to tan is seen in the material
stored at elevated temperature-the higher the temperature, the darker the color.

In summary, the major changes seen in aged XTX8003 are in detonation velocity and particle
morphology, but particIe morphology does not appear to be the determining factor in the loss of
detonation velocity. The study will continue at least 24 months, at which time the data will be
evaluated to determine how best to continue with the remaining test samples.
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