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Background: Chemical Reaction Kinetics

> Reaction kinetics studies the rates of chemical
reactions, helping predict reaction times and
optimize conditions.
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Background: Rate of Reaction

> To monitor a reaction’s progress, we use a mathematical
term, x, ranging from 0 to 1 during the reaction time.
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Background: Rate of Reaction

> The reaction rate often depends on both temperature and
the degree of reaction. The temperature dependency is
usually expressed as an exponential term. The degree of
reaction's effect is typically unknown.
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Background: Rate of Reaction

> f(x) can have a wide range of shapes and orders:

deceleratory reaction autocatalytic reaction
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Background: Discovering Reaction Type

> Using experimental data for x and dx/dt , we try
to find f(x) through data fitting and trial-and-error.

> Choosing the correct reaction type and determining
the reaction orders (like m and n) are crucial.
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Example: Boeing 787 Composite Material

> The epoxy used in carbon-fiber composites for the
Boeing 787 has a complex reaction mechanism
involving three different reactions:

dx
— =k (O™ (1 - )™

dt
+ky(x)™2(1 — x)"2
+k3(x)™3 (1 —x)"s

Dykeman, D. (2008). Minimizing uncertainty in cure modeling for composites manufacturing (T). University of
British Columbia. Retrieved from https://open.library.ubc.ca/collections/ubctheses/24/items/1.0066334



Background: Sparse Identification of
Nonlinear Dynamics (SINDy)

> SINDy is used to discover physical laws and governing
equations from time-series data:

Observation Governing Equation
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Brunton, S., Proctor, J., Kutz, N. “Discovering governing
equations from data: Sparse identification of nonlinear
dynamic systems.” arXiv:1509.03580v1. (2015).



https://arxiv.org/abs/1509.03580v1

Simple Introduction to SINDy

> Step 1: Collect time-series data or spatial data:
u(x,t)

> Step 2: Numerically compute a library of functions:
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> Step 3: Only a few of the functions are active. Use sparse

regression to identify which terms are active:

Ju Ju
—- = 01¢1,82,65, 8 ..] = LASSO ~ == ©[0,0,0,~6,0,~1 ...]

ou ] ou 0J03u
- — = —6U— — ——
T “ox  9x3



Discovering Chemical Reactions with SINDy

> Three commercial materials are considered:

Material 1

Material 2

Material 3

Name Durite SC-1008 HEXCEL 8552 Toray 3900-2
Type phenolic adhesive| epoxy adhesive | epoxy adhesive
Temperature 160 °C 180 °C 180 °C
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Discovering Chemical Reactions with SINDy

> All three materials are tested, and their degree of
reaction as a function of time is provided:

X dx/dt

1.0 0.0014. —— Material 1: Durite SC-1008
—— Material 2: HEXCEL 8552
. 0.0012. —— Material 3: Toray 3900-2
0.0010
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SINDy/data 1.csv SINDy/data 2.csv SINDy/data_3.csv




SINDy Python Implementation

> First, based on the literature, we created a library of
60 candidate functions:
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SINDy Python Implementation

Define LASSO optimizer, fit the model, and report




Example 1: Durite SC-1008
> SINDy’s fitted model

dx 1.33 1.50
_zcl(l_X)' +C2(1_X)'
dt
0.004 - - = Feature: (1-x)"~1.333, Coefficient: 0.0029
— = Feature: (1-x)"1.5, Coefficient: 0.0012
- = Feature: (1-x)" 2, Coefficient: -0.0000
0.003 - = Feature: x™-0.5 * (1-x)"1, Coefficient: -0.0000
S Hldden SOIUtiOn ‘\ — = Feature: x™-0.5 * (1-x)~1.333, Coefficient: 0.0000
\ —  Original dx/dt
0.002- “ - Predicted dx/dt
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> SINDy’s fitted model:

Example 2: HEXCEL 8552

dx 0.67 2 0.75 3
— = c1x° (1 —x)“+ cx” "2 (1 — x)
dt
0.0005+ - = Feature: x~0.667 * (1-x)"2, Coefficient: 0.0007
- == Feature: x~0.75 * (1-x)" 3, Coefficient: 0.0021
- Original dx/dt
0.0004 - - Predicted dx/dt
> Hidden Solution
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> SINDy’s fitted model

dx
dt

> Hidden Solution

dx

dt — al(l — x)+

a,x(1—x)?%>

dx/dt

0.0004 -

0.0003-

0.0002-

0.0001-

0.0000-

Example 3: Toray 3900-2

ax Cl(l i X)1'33+ [CZXO'S(l . x)l.S 4 c3x0'5(1 _ x)Z]

- Original dx/dt
- Predicted dx/dt

Feature: (1-x)”~1.333, Coefficient: 0.0002
Feature: x~0.5 * (1-x)"~ 1.5, Coefficient: 0.0008
Feature: x~0.5 * (1-x) "2, Coefficient: 0.0003
Feature: (-In(1-x))~-1 * (1-x), Coefficient: 0.0000
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