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* In the glass fiber-epoxy composite, = We develop fiber-epoxy interphase with * Interphase is loaded in Mode-| at strain rates | = We are in the process of developing strain-
interphase is a distinct region between fiber mono-layer 3-glycidoxypropyltrimethoxy 1e9/s to 1e16/s including quasi-static loading rate-dependent mixed-mode traction law
and epoxy matrix that develops during silane (GPS) " Quasi-static response Is determined fromthe ' . peyelop physics informed machine
processing through diffusion and reaction = First, we deposit hydroxylated mono-layer tens of relaxation simulations at different learning framework to design composite
between the matrix and the fiber sizing silane on the silica surface at different deformation states interphase for optimum strength and
* Interphase could have different morphology number densities (0/nm? to 3.9/nm*) and = Irrespective of : e energy considering variability in interphase
depending on processing and thickness react them with the silica surface through interphase e chemistry, topology, and strain rate
could vary from few nanometers to tens of condensation reaction topology, peak &
nanometers = |n the second step, a mixture of the fraction and T
= Since load is transferred through E_pon828-Jeffarr.une® D-230 Is put on the energy are highly : "
. . . silica slab, equilibrated, and cured - et A . . . int-1
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toughness, and damage modes ohusnsation ant tUring reaction are - dependent and I S R — [ propertes
_ o | modeled with AMBER based cross-linking show characteristic Ve dislacement, Interphase topology with traction -
= |n high-velocity impact, interphase could be algorithm S_shabe resnonse  Quasi-static Response and energy data +— Composition
subjected up to 1e12/s strain rate, and like » The model is then equilibrated with reactive P P Y
many other materials interphase properties force field ReaxFF before being subjected to 50 - = = e \Encoder v/ q\&@
are also strain rate dependent mechanical |Oading : 40 % %E%@uamaﬂc) g 10; : 'E%zgé;::;s ;100 . y Lateipace \ .
= Therefore, it is essential to understand the a _ | - (Continuons representaion @:,ﬁmmb e—
interphase properties tailoring mechanism R R Strain-rate | ; .- N propertics data) - -
at the atomistic scale as well as its strain o\ Effects 2 igs . -
rate-dependent responses e [Decoder )\
e — | e | = ﬁlm int-Opt
Bound Sizing = \We successfully established the correlation Topum';ymm@ [ | Optimum
pARY Y (*'f)/ between peak traction and energy asa properties
S function of silane number density and strain
aE rate with the following equations.
- e - real Traction: T =[Ty os(1+ar*Dsy)][1 + brT], for é < 1e12/s (1a) Refe rences
T =[T, os(1+ar*Dsy)I[1 + bréy 1] + (g7 + hp * Dsylexp(—(my — ny + Dgy)é/é, ), for é > 1e12/s  (1b) - Chowdhury et aI., Glass fiber-epoxy
e [ Energy: interactions in the presence of silane: A
 silica-Silane (Before relaxation) G:[GH-QS (“w‘(al-ﬂ—ﬂz,c)exp(—ﬂswf“m))] [1+ bgéc], for & < 1e12/s (2a) m Ol eCUI ar dyn ami cs sty dy, Appll ed Surfa ce
Fiber-Matrix Interohase System Interphase Model Development Procedure G = [Goos (al,s—(alrs-ﬂz,stxpgzsggf:}i;! 1+ f;m}+ L9 + he * Dsylexp(—(mg —ng + (20) Science 2021, 542:148738
Obiectives » [nterphase thickness is determined from the e K = [Kos + axe®™], for é < 1e12/s w | E/Irc])(c)jvevclirg?r/]ee;i\a/lg,TSr;rc?tlirc])-an:/vg?c?reg?aesn;
j ROOt Mean Squared FIUCtuation methOd T is the traction, G is th:;zeg+'aifj’:::it:ajze::t(e_zéz!f{ii:;:;I:::r:fjmber density, T al:?lb) Fiber-EpOXy Interphase USing MOIeCUIar
= Establish a molecular dynamics (MD) " Interphase thickness is ”‘.] the range of 1.3 to Go s are the qu’asi-statictractﬁ:yﬁznd energy for the Interphase without sitane. hne Dynamics Simulations. Composites Part B
based "Materials-by-Design” framework for 1.7 nm for mono-layer silane = The above correlations are used to predict 2022, 237:109877
composite interphase simplistic bi-linear traction laws to use in FEA
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