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Executive summary

EVOQ platform technology delivers EVQ-GA, a gold metamaterial additive (5-20 nm) that enhances
battery performance and safety by controlling crystal formation at the electrode level.

During battery cycling, uncontrolled crystal growth, such as dendrite formation or irreqular plating,
causes short circuits, capacity loss, and safety risks. EVQ-GA metamaterial guides nucleation,
promoting uniform, stable crystal structures during charge and discharge cycles. This ensures
dendrite suppression, improves ion flow, and supports efficient, safe charging across lithium metal,
zinc, and sodium-ion batteries.

EVQ-GA integrates seamlessly into existing formulations, leveraging nanoscale precision,
electrochemical stability, and uniform geometry to deliver reliable performance.

Key benefits include:
- Extended cycle life through controlled crystal morphology

Faster charging and improved power density

Dendrite suppression and enhanced safety profile

Better capacity retention over thousands of cycles

Electrochemically stable under high voltage and temperature stress

EVQ-GA provides a scalable, precise solution for energy storage, empowering innovators to enhance
battery reliability and efficiency across applications.



Introduction

From smartphones to electric vehicles,
batteries are essential in today’s world. Yet,
current battery technologies face serious
hurdles. Lead-acid batteries degrade due to
crystal deformation and corrosion, while
lithium-ion batteries grapple with energy
density limits and safety risks from crystal-
related failures. These problems cut into
efficiency, lifespan, and dependability.

EVQ-GA Polymorphic Sphere Metamaterial
tackle these issues head-on by managing
crystal formation at the nanoscale,
strengthening battery structure, and
boosting charge transfer. This white paper
outlines how EVQ-GA transforms battery
performance, paving the way for safer, more
efficient energy storage.

Understanding battery failure mechanisms

Lead-acid battery failures

Lead-acid batteries break down when alpha
lead oxides form less soluble crystals. These
crystals shrink, warping battery plates and
disrupting connections. In extreme cases,
plates bend enough to pierce the casing,
leaking acidic electrolyte. EVQ-GA counters
this by limiting harmful crystal growth and
reinforcing the positive active material
(PAM).

Lithium-lon Battery Challenges

Lithium-ion batteries suffer from crystal
formations that can puncture the
membranes, causing dangerous failures like
fires. This restricts energy density and cycle
life. EVQ-GA resolves these issues by refining
crystal chemistry, preventing membrane
damage, and improving safety and
performance.

PC/1 Corrosion refers to the formation
of alpha lead oxides in lead-acid
batteries, which are less soluble and
tend to form larger crystals. These
crystals can cause physical
deformation of the plates, leading to
connection failures, even worse,
casing breaches.

In lithium-ion batteries, the growth of
lithium dendrites can puncture the
separator membrane, causing internal
short circuits. This can lead to
thermal runaway, a rapid increase in

temperature that may result in fires

or explosions.

By managing crystal formation, EVQ-GA enhances battery materials and structure, supporting

reliable electrochemical storage across different battery types.



The ideal crystal chemistry

EVQ-GA improves battery performance by directing crystal formation at the nanoscale. It
acts as a quide, shaping crystal growth for a stronger, more efficient battery. Here’s how:

Nucleation control: EVQ-GA sets a critical radius for crystal nucleation, lowering the energy
required for growth.

Classical nucleation theory explains how crystals form from a supersaturated solution. It
involves the creation of a critical radius, beyond which crystal growth becomes
energetically favorable. EVQ-GA metamaterial provide pre-formed seeds that match this
critical radius, reducing the energy barrier for nucleation and promoting uniform crystal
growth.

Uniform distribution: Its distinct shape ensures even spread in the electrolyte, fostering
consistent crystal formation.

Sedimentation occurs when particles settle out of the electrolyte, reducing their
effectiveness. EVQ-GA’s polymorphic sphere shape minimizes sedimentation by enhancing
colloidal stability, ensuring the metamaterial remain dispersed and active throughout the
battery’s life.

Optimized conductivity: Precise EVQ-GA levels increase nucleation sites without forming
excess conductive paths, avoiding self-discharge.

Unlike traditional conductive additives that create direct conductive paths, potentially
leading to self-discharge, EVQ-GA increases conductivity by enhancing the porosity and
channel structure within the PAM. This allows for better ion access to the electrode plate
without forming continuous conductive channels.

Benefits of optimized crystal structure:

« Even crystal size and faster formation
- Better charge transfer and stability
- Less sedimentation for longer battery life

This improved structure directly boosts battery performance, as detailed next.



Behavior of batteries influenced
by EVQ-GA

Electron Impedance Spectroscopy (EIS) tests show In EIS, Warburg impedance
EVQ-GA markedly enhances battery efficiency. In represents diffusion-controlled
treated batteries, the PAM displays lower Warburg processes, while Gerischer

impedance, which is a sign of better ion diffusion, impedance accounts for reactions
indicating improved charge transfer. involving adsorbed species. The
observed reduction in Warburg

impedance with EVQ-GA indicates

Key findings:

improved ion diffusion, likely due to
the optimized pore structure in the
« Up to a 700% rise in effective capacity (Cetf) PAM.
compared to untreated batteries
« Steady performance gains in lead-acid batteries,
backed by third-party tests

« Comparable improvements in lithium-ion batteries, For lithium-ion batteries, EVQ-GA
proving EVQ-GA’s broad applicability influences the nucleation of lithium
salts in the organic electrolyte,
These outcomes highlight EVQ-GA’s power to promoting a more stable solid
optimize battery behavior and energy storage. electrolyte interphase (SEl) layer.

Enhancing cycle life and safety.
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Fig 1. Electron Impedance Spectroscopy (EIS) Model Showing Reduced Warburg Impedance with EVQ-GA
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Surface scan of EVQ-GA crystal formation

Electron micrographs (Fig 2) show that without EVQ-GA, the PAM develops traditional
Alpha Lead Oxide under a Beta Lead Oxide layer. With EVQ-GA, Alpha Lead Oxide is reduced,
and crystals become smaller and more uniform. This forms pores and channels that
improve charge transfer, directly enhancing battery efficiency.

Differential Potential Voltammetry (DPV) is a technique that measures current response to
small voltage steps, providing high sensitivity for capacitance measurements. In batteries
treated with EVQ-GA, DPV shows increased capacitance, indicating greater energy storage
capacity due to the refined crystal structure.

Fig 2. Forward Cyclic Voltammetry Curve and Alpha/Beta Lead Oxides Imaged from Electrodes. EVQ-GA-
Influenced Crystal Chemistry on the Right



Scanning transmission
electron microscopy

STEM images (Fig 4) verify EVQ-GA particles are
evenly spread within the PAM. This consistent
distribution is essential for optimizing charge
transfer and elevating battery performance.

These visuals confirm EVQ-GA’s critical role in refining
battery material structure for top-tier results

Fig 3. Gold EVQ-GA in Red Within the PAM of Lead-Acid Electro Cell

Scanning Transmission Electron
Microscopy (STEM) combined with
High-Resolution Electron
Diffraction Spectroscopy (HR-EDS)
allows for elemental mapping at

the nanoscale. This confirms the
presence and uniform distribution
of EVQ-GA metamaterial within the
PAM, validating their role in crystal
nucleation.

Focused lon Beam (FIB) milling,
using a HELIOS SEM with a gallium
ion beam, enables precise
extraction of thin sections from
the PAM. This technique preserves
the structural integrity of the
sample, allowing for accurate STEM
analysis of EVQ-GA distribution.

Fig 4. STEM Sample Preparation with HELIOS FIB Mounted on STEM E-clip



