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ace Energetics
Surface Chemistry
Reactivity with Polymeric Matrix
Surface Topography
Interphase Properties
Interphase Formation During Processing

Design of an Optimum Interphase for Adhesion and Processability
Thermodynamics
Surface treatment, sizing or finish
Processability

L. T. Drzal, Michigan State University
DOE Ebeam CRADA Workshop
April 20-22, 1999



L. T. Drzal, Michigan State University
DOE Ebeam CRADA Workshop
April 20-22, 1999




AU4 234.4 3.58 37.2 Poor
Interfacial
AS4 234.4 3.58 68.3 Interfacial
AS4C 234.4 3.58 81.4 Strong Matrix
EPOXY 3.6 0.09
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Matrix Crack Growth - Highest Adhesion
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nterface is subject to ‘normal’ processing
Lamina contains ‘normal’ defects

e.g. voids, inadequate tow or bundle wetout , poor fiber
distribution

Micro (Single Fiber) Tests
|solate interface from lamina
M easure fiber-polymer adhesion
Observe interfacial failure mode
Use small amounts of material
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direct Micro Tests
slice compression
ball compression
variable curvature
dynamic thermal methods
fiber bundle pullout
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single fiber pullout

¢ advantages

— any fiber/matrix combination

direct measurement of load
at debonding and friction

¢ disadvantages

stress state different than
composite

sample fixturing important
lacks failure mode info
1 data point per specimen

single fiber is pulled-out of a block, disc or bead of polymer
and thefailure and frictional force are measured
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Polarized Transmitted Light Micrographs at 70X of an E-Glass
Fiber Break for a Water-Sized fiber (left) and Epoxy-Sized fiber
(right) in a DER 383/DACH Epoxy Matrix
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embedded fiber fragmentation

¢ advantages
— stress similar to composite

- : > — direct obeservation of failure

R I PR [ — many data points/specimen

— sensitive to interphase

¢ disadvantges

— isolated fiber
D > — samples difficult to prepare
~ _ i — shear lag assumption
- | ' - — matrix strain >3X fiber strain
| PL“'*C T - — fiber strength/length data

coupon containing a single fiber encapsulated in the
polymer matrix isloaded in tension and the fiber fractures
into fragments of *critieal-length® under shear loading

DOE Ebeam CRADA
April 20-22, 1999




single fiber indentation
e i

1
T = fPebonding ) 1 =.g.(9n§m(-§-f ¢ advantages
E ;
. 2 — measurement on composite

— force-displacement data
— many data points/specimen
— fast and automatable

¢ disadvantages
— sample preparation artifacts
— lacks failure information

— requires material property
assumptions

single fiber selected from a composite specimen is end loaded
with an indentor and the force is applied to cause fiber-matrix
interfacial failure Is measur el
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SIZINGS

ADSORBED
MATERIAL

FIBER CHEMISTRY

THERMAL , FIBER TOPOGRAPHY
CHEMICAL , N 4 FIBER MORPHOLOGY
MECHANICAL , BULK FIBER

ENVIRONMENTS

FIBER-MATRIX INTERPHASE . v 10
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MATRIX
thermoset

THERMAL
MICROWAVE

ADHESION

STIFFNESS
STRENGTH
TOUGHNESS
DURABILITY

thermoplastic
amorphous
semicrystalline
FIBER

LIQUID
MOLDING

REACTION
INJECTION
MOLDING

E-BEAM

UV LIGHT

GAMMA

carbon
polymeric
aramid
polyethylene
liquid crystal polyester
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fatigue
temperature
moisture
impact



Polymeric Reinforcing Fiber
Surface Chemistry
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Surface Topography
Scanning Probe Microscopy (AFM or STM)

Interphase Modulus
Micro Indentation f(T)

Interphase Fracture Toughness
Dynamic Microindentation, continuous indentation

Interfacial Fracture Information
Fragmentation test, SEM +V CXPS of Composite Fracture Surface

L. T. Drzal, Michigan State University
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50 Carbon fiber IM—6 20%ST

Carbon fiber IM—6 0%ST

50 50

Carbon fiber IM—6 100%ST Carbon fiber IM—6 600%ST
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THERMAL , FIBER TOPOGRAPHY
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MECHANICAL , BULK FIBER
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LINEAR RELATIONSHIP
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IF55 betwean IM-G fibers and
EPONE2B/m-PDA resin

Relationships betwesn IFSS, Shear
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SIZING
or
FINISH
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INTERPHASE

-'—/" T ass Sizing Syst em

Time Dependent Formation of the Interphase
Between the Fiber Szing and Liquid Matrix
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Interfacial Shear

Release Urethane Vinyl Ac. Vinyl Ester Epoxy  Water

rt Beam Shear Strength Comparison Between Derakane/Unidirectional
Glass Fiber Composites with 50% Fiber Volume
Fraction for Vacuum and Heat Pretreat Processing Cycles.
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0 20 40 60 80
Mold Temperature(°C)

Interfacial Shear Stre

Interfacial Shear Strength of Derakane/Glass Fiber (with Soluble Polyester
Sizing) Composites Processed with Vacuum Assist vs. Mold Temperature
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Tensile Fracture surface of insoluble Tensile Fracture surface of semi-soluble
polyurethane sized fiber (#2) composites polyvinyl acetate sized fiber (#3)
composites
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per surface energetics
Fiber surface-matrix interfacial energetics

Fiber surface-matrix chemical interactionsin the
Interphase

Polymer matrix chemistry

Polymer matrix mechanical properties
Polymer matrix molecular weight
Polymer matrix transcrystallinity

FIBER-MATRIX INTERPHASE v ueu. w2
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-Beam
PROCESSING

Constituent » Performance
Selection Objectives
Fiber Fiber/Matrix
Matrix Adhesion
Formation of the
\ ~ P HA
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between fiber surface and matrix

Interphase matrix properties must insure
effective stress transfer
high strength
high toughness
high durability

L. T. Drzal, Michigan State University
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combination of cleaning, functionalization

Increase microtopography
pores and asperities increase mechanical interlocking

Functionalize surface

Increase chemical reaction between the fiber surface
and the matrix in the appropriate process ng window

L. T. Drzal, Michigan State University
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finish for complete dissolution in the matrix

Effect of sizing or finish must not adversely affect
the matrix reaction kinetics and/or cured matrix
properties

L. T. Drzal, Michigan State University
DOE Ebeam CRADA Workshop
April 20-22, 1999
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