UNCLASSIFIED

Uus. ARMY

BDECOM Multi-Scale Modeling of Fiber-Matrix Interphase

Enterprise for Multi-scale

anjib C. Chowdhury (UDel), Jejoon Yeon (UDel), John W. Gillespie Jr. (UDel), Robert M. Elder (ARL), Timothy W. Sirk (ARL), Research of Materials
Jian Gao (Drexel), Salman Zarrini (Drexel), Giuseppe Palmese (Drexel), Cameron F. Abrams (Drexel)

How We Fit Technical Approach Major Results/Key Accomplishments
Materials-by-Design Process Silica-Sizing Interphase Modeling
S— Molecular Modeling of Single- Molecular Modeling of TWo- ||  silane molecules Red: Silane, Yellow:
R T Constituent Systems Constituent Systems agglomerate and make Cyan: Film Former
== e Mo (Glass, Sizing & Epoxy) (Glass-Sizing, Epoxy- macromolecules creating
S N E (Study Energy Absorption & Sizing) (Study Diffusion & heterogeneous structure
e Damage Mechanism) Degree of Adhesion) v Some silane molecules are

attracted to the silica surface
(0.5 - 0.7 GPS/nm?)

v Damage initiates and
propagates in the uncross-

Validated multiscale
models and codes

traction

Mechanism-based Approach

3 Structural scale Mesosc_:ale Constituent scale . . . . §i
Mechanisms ___osianans — linked film former rich region s 5555505055
) * Primary yarn * Fiber/matrix adhesion (b) Silica Slab (c) Silica-sizing model
Tow tension * Matrix compression
‘ L2 2l et :mzmi tS::sa;;n o ; : o B, e
« Matrix network architecture S Gmne e e ,,
nephase shear . Path Forward
il I T e Molecular Modeling of Three- Develop Interphase
wear| [Pl e Constituent Cohesive Traction- Aqueous Sizing Modeling Wi waar
* Fiber/resin distribution . _ . . e
Dot Glass-Sizing-Epoxy Separation Law (Collaboration with Drexel)
Towlow "R e acton Interphase (Mode-l/ll/Mixed, Strain v Identify sizing formation mechanism
elaminationy| Interlayer shear :Constltuer?t'p.roperty variability D f = ID IE R P S L
Ramcenitiy (Deformation/Damage/Energy ate, Pre-Stress, and its morphology
Tansverse| [ ansverse stress) |- Foershear absorption/Properties Proportional/Non- v Identify effects of pH and surfactant
* Fiber crush n m n n n
 Foermatssldi Tailoring Mechanism) Proportional Loading) v Understand the distribution of silane,
- Erosion shape and wettability of the FF particle
after water evaporation
Key Goals Major Results/Key Accomplishments Silica-GPS-Epoxy Interphase Modeling
« Interphase is a distinct region between fiber and Glass Fiber Modeling ::ri':]t;f¥ed?::;gjnrngl;?:;zm dae?g"iz\?gge
matrix which develops during processing through : s T e g _ .
. . . : o o N W sl =miEsl | v Develop mixed-mode traction law
diffusion and reaction between the matrix and the s = . . .
fib o o . (equivalent to zero thickness cohesive
IDer sizing. s S = S zone) by inserting crack in the damage
o bt epory (manky NN, amine ' | el . prone region
T e e ot . .
(a0 E ~— | =+ = | DAS Modified Epoxy Modeling
| et all o T | . . . .
: o o v" Nanometer size surface cracks significantly reduce fiber strength v" Reactive MD simulations of Diels- |
°'§,‘~::,\,=—- s v Fracture toughness is determined through atomistic J-integral Alder Substructure (DAS) \‘
e Ho— o — . : : modified epoxy system to
e L ewmmemano—o s | O1lICA=O1lANE INterphase Modeling understand properties tailoring + o=
Glass Fiber Processing Glass Fiber with Sizing Interphase . i
" : : - Sizing (50% %2 +50% T3) u.; : m e c h a n IS m oﬁt} o
- Establish a molecular dynamics based “Materials-by- <o <o o1 R i Sz | v" Conduct model validation hY —
Design” framework for composite interphase Y | experiment (Drexel) A Qe — 4T
v |ldentify the interphase formation mechanism and its RV
morphology at the atomistic level : T
phology Transitions/Impact
v ldentify the interphase deformation and ener AN
Y P : 9y " v" MD based materials-by-design framework will guide ARL/CMRG
absorption mechanism experimentalists to design optimum interphase structure
v : : Variation in Damage Modes  cohesive Traction Surface P gn op P
Develop mixed-mode traction law with Interphase Thickness v MD based interphase mixed-mode traction law will be used in
v Interphase strength increases with decrease in interphase thickness composites micro-mechanics damage modeling
CENTER FOR v Strength improves significantly with increase in GPS bond density
‘ M MATERIALS IN EXTREME SITYor  GENTER FOR
- i § s b’ .
DYNAMIC ENVIRONMENTS UNCLASSIFIED FIAWARE.  COMPOSITE MATERIALS




