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Flake-Flake Electrostatic Isolation: DLVO
Repulsion as a Self-Discharge Barrier in a
Separator-Free Hydrogen-Aluminum Cell

Flake-flake electrostatic isolation is a secondary inventive step of the
Hydrogen-Aluminum Energy Cell disclosed in U.S. Provisional
Application No. 64/055,649: it keeps suspended metal nanoflakes
apart by mutual DLVO repulsion so they cannot host the cross-flake
hydrogen recombination that drives self-discharge. The cell holds
charge as hydrogen atoms bonded to those nanoflake surfaces, which
exposes a quiet failure mode: if two flakes touch, or if two bonded
hydrogen atoms find each other, they recombine into molecular
hydrogen and escape as gas, draining the cell. The disclosed cell
answers this with electrostatics rather than mechanical barriers.
Sulfonate groups adsorbed at the metal-gel interface give every flake
a like surface charge, so neighboring flakes repel one another in
accordance with classical DLVO behavior. That repulsion holds the
flakes apart across the cell's operating life, prevents the aggregation
that would erase active surface area, and keeps the dominant cross-
flake hydrogen recombination pathway from ever forming. The effect
strengthens as the cell charges, so isolation is firmest exactly when
stored capacity is highest.
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The Recombination Problem

The cell stores energy as electron-stabilized metal-hydrogen surface bonds: hydrogen

atoms chemisorbed onto the surfaces of metal nanoflakes suspended in a continuous

conductive gel. Each stored hydrogen atom is one unit of capacity. The threat to that

capacity is recombination. If two bonded hydrogen atoms combine into a hydrogen
molecule, that molecule is rejected by the surrounding gel and escapes the cell as gas-

phase H2, and the capacity it represented is gone.

The disclosure identifies cross-flake recombination as the dominant pathway by which

hydrogen would otherwise escape: two hydrogen atoms residing on two different flakes
meeting and combining. Removing that pathway is therefore the principal barrier the

cell needs against self-discharge, and the disclosed cell removes it not with a membrane

but by keeping the flakes physically apart.

Like-Charged Surface Potentials

With reference to FIG. 8, the metal nanoflakes carry like surface potentials. These arise

from the equilibrium adsorption of gel functional groups at the metal-gel interface. In

preferred embodiments the surface potentials are negative, due to preferential
adsorption of sulfonate groups (-SO3-) at the metal surface.

Because every flake carries the same sign of charge, neighboring flakes repel one

another. The disclosure frames this as mutual electrostatic repulsion consistent with

classical DLVO behavior in colloidal dispersions. The flakes behave as like-charged
colloidal particles, and their separation follows the same physics that governs colloidal

stability generally.



How Flakes Acquire Their Charge

The surface charge is not applied as a separate manufacturing step. Pre-synthesized

metal nanoflakes are dispersed into the functionalized gel during a controlled mixing

step under inert atmosphere, and on dispersion they acquire surface charge through

contact equilibration with the statically-charged turbostratic graphene framework.

That acquired charge does two things at once. First, it produces mutual repulsion

between flakes, preventing aggregation and admitting uniform spatial distribution

throughout the gel volume without external mixing intervention. Second, it sets up a

repulsive interaction between the negatively-charged flakes and the negatively-charged
sulfonate-rich hydrophilic channel regions, which drives the flakes to distribute

preferentially into the neutral hydrophobic domain regions. The result is selective

placement of the flakes within the hydrophobic domain and uniform inter-flake spacing

across the gel volume, both achieved without active sorting or directed placement.

Spatial Separation Across the Cell's Life

The mutual repulsion maintains spatial separation between flakes throughout the cell's

operational lifetime. That separation prevents flake-flake aggregation, which would
otherwise reduce the active surface area available for hydrogen binding. Because

capacity scales with available binding surface, preventing aggregation is also a way of

preserving capacity.

The separation persists in both charge states. During charging the flakes carry
additional electronic charge drawn from the external circuit, which deepens the surface

potential and increases repulsion. During discharge the flakes return to their baseline

surface potential. In both states the repulsion is sufficient to hold the flakes apart.



Blocking Cross-Flake Recombination

The spatial separation prevents recombination of bonded hydrogen species across

different flakes. Two hydrogen atoms residing on two different flakes cannot combine

into a hydrogen molecule, because the flakes are held apart by the gel medium plus the

electrostatic separation distance, and atomic hydrogen at the binding energies of the
disclosure does not migrate between flakes. Removing this cross-flake pathway removes

the dominant route by which hydrogen would otherwise escape the cell as gas-phase

H2.

This works in cooperation with a second mechanism aimed at the same-flake case.
Recombination of two hydrogen atoms residing on the same flake is suppressed by the

surrounding hydrophobic gel region, which rejects molecular H2, and by the spatial

distribution of binding sites across the flake surface. The cross-flake prevention and the

same-flake suppression together act to comprehensively suppress molecular H2
formation throughout the cell.

Repulsion That Strengthens With Charge

The electrostatic repulsion is stronger in the charged state than in the discharged state.
The additional electronic charge introduced into the flakes during charging deepens

their surface potential, and deeper like-charge potentials repel more strongly. The

practical consequence is that flake separation is enhanced precisely when stored

capacity is at its maximum and recombination prevention is most needed.

The disclosure describes this as an inversion of the conventional pattern: the cell

becomes mechanically more stable as it stores more energy, where conventional

charged states are typically less mechanically stable than discharged states. The same

charge that represents stored energy is also the charge that keeps the storage sites
isolated.



Interaction With Charging Kinetics

The flake's repulsive surface potential is not only a passive barrier between flakes. It

also gates how hydrogen reaches the flake surface in the first place. A proton can only

bond to a flake if it can overcome that repulsive surface potential. Under applied bias,

charging proceeds through a high-energy transit state, a hot-proton state with sufficient
energy to overcome the flake's repulsive surface potential and traverse the hydrophobic

gating region. Without applied bias, a thermalized proton lacks that energy.

So the same like-charge repulsion that isolates flakes from each other also participates

in the asymmetric kinetics of the cell: it is one of the barriers a proton must clear to
charge the cell, and clearing it requires the energy that the applied bias supplies.

Measurement

The disclosure contemplates direct observation of the surface charge that drives this
mechanism. Admissible measurement methods include, without limitation,

electrostatic surface potential mapping using Kelvin probe force microscopy or

analogous scanning probe techniques, alongside capacitive imaging across the gel

volume and low-frequency impedance spectroscopy. These methods allow the like-
charged condition underlying the isolation to be characterized rather than merely

inferred.

Disclosure Scope

This article describes the flake-flake electrostatic isolation mechanism as disclosed in

U.S. Provisional Application No. 64/055,649. The provisional is an early-stage filing

that discloses concepts and mechanisms, and it does not state specific values for the

surface potentials, separation distances, binding energies, or charge-state differences
referenced here. Nothing in this article should be read as asserting a numerical value,

material property, or performance figure beyond what the application itself discloses.



The application defines "flake-flake electrostatic isolation" as the maintenance of

spatial separation between metal nanoflakes through mutual electrostatic repulsion

arising from like surface potentials, the isolation preventing cross-flake hydrogen
recombination and aggregate formation.

Hydrogen-Aluminum Energy Cell (/h-

al-battery)

All 40 steps → (/inventive-steps)

Sealed electrochemical cell storing energy as reversible covalent hydrogen bonds on carbon
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