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The Storage Gel as a Polarized
Electrochemical Switch: Coherent
Alignment, Equipotential Locking, and
Load-Proportional Discharge

Operating the storage gel as a polarized electrochemical switch is a
secondary inventive step of the Hydrogen-Aluminum Energy Cell
disclosed in U.S. Provisional Application No. 64/055,649, and it
works hand in glove with that cell's bulk-equipotential charge
retention. A bulk-equipotential storage cell holds no internal
potential gradient when at rest, which is what stops it from self-
discharging. But that same uniformity raises a question: if every part
of the gel sits at the same potential, what gives a discharge its
direction and what meters its rate? The disclosed cell answers this by
operating the gel as a polarized electrochemical switch. Under
charging bias, the gel's mobile electrons and polarizable framework
atoms align coherently along the charging-direction axis; when bias
is removed and the cell relaxes into its equipotential storage state,
that alignment is locked because there is no internal driving force
left to randomize it; and under load, the locked alignment is
gradually drawn in the opposite direction by load-induced electron
flow, producing unidirectional discharge whose rate scales with load
demand.
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The Problem: Direction and Rate in a Gradient-Free Cell

The disclosed cell stores energy by bulk-equipotential charge retention rather than by
separating an anode from a cathode. In the charged state with no external load
connected, substantially all metal nanoflakes sit at the same electrochemical potential,
and no electrochemical-potential gradient exists across the gel volume. That condition
is what prevents internal self-discharge: with no internal potential difference, there is
no driving force to move charge from one region to another, so the cell holds its charge

by being internally saturated rather than by being insulated against current flow.

This raises a design problem that a conventional cell does not face. A conventional cell
has a defined low-potential anode and a high-potential cathode, so the direction of
discharge and the polarity of the terminals are fixed by chemistry. The disclosed cell
has neither: both terminals are electrically equivalent in the absence of applied bias,
and the bulk gel is at uniform potential. Something other than a fixed electrode pair
must establish which way the cell discharges and how fast. The disclosed mechanism

that supplies this is the operation of the gel as a polarized electrochemical switch.

Coherent Alignment Under Charging Bias

Under charging bias, the gel does not merely accept protons and electrons at flake
surfaces. The bulk gel volume takes on an alignment state determined by the direction
and history of the applied bias. Specifically, the gel's mobile electrons and its
polarizable framework atoms align in a coherent orientation along the charging-
direction axis. The two underlying effects here are well established: dielectric
polarization of a polarizable material under an applied DC field, and electromigration
of conduction electrons under a field, are both standard, long-characterized physics.
The disclosure does not claim either effect as newly discovered. What the disclosure
characterizes is the combination of the two within this gel: the polarizable framework

orients while the mobile electronic population is biased along the same axis, so that a



single applied bias imprints a coherent bulk alignment on the storage medium. The
novelty is in harnessing that known polarization-plus-electromigration response as an

operable, settable state of an energy-storage gel, not in the response itself.

This alignment is established progressively over the duration of the charging operation.
It is not an instantaneous switch of state but an accumulation that builds as charging

proceeds, in parallel with the proton-coupled bond formation at the flake surfaces.

Locking the Alignment in the Equipotential State

The distinctive part of the mechanism is what happens when charging bias is removed.
The cell relaxes into the equipotential storage state, in which the gel is at uniform
potential throughout and no internal potential gradient exists. In that state, the
coherent alignment established during charging is locked in place. The reason is the
same uniformity that prevents self-discharge: because there is no internal potential
gradient in the storage state, there is no driving force available to randomize the
established alignment. The gel therefore retains its polarization until it is disturbed by

closure of an external circuit.

This couples the polarized-switch mechanism directly to the bulk-equipotential charge
retention principle. The equipotential condition is not only what keeps the stored
metal-hydrogen bonds from leaking energy internally; it is also what holds the gel's
polarization steady. The cell is internally at rest in both senses at once: no charge

redistributes, and no alignment relaxes.

Reorientation Under Load

Discharge begins when an external circuit is closed through a load. Closure creates an
asymmetric electron path: electrons exit at one terminal, traverse the load, and re-enter

at the opposite terminal, which establishes a potential gradient across the gel volume



for the first time since charging ended. Under that load-induced electron flow, the

locked alignment is gradually drawn in the opposite direction.

The disclosure describes this reorientation as gentle and proportional to load demand.
A low-load discharge admits slow reorientation; a high-load discharge admits rapid
reorientation, up to a rate-limit set by the gel's intrinsic conductivity. This load-
controlled reorientation is the operating mechanism by which discharge current scales
with load impedance. The cell discharges only as fast as the external load admits, which
is consistent with the equipotential principle's statement that an open circuit produces

no discharge at all.

Unidirectional Discharge and the Railroad-Switch Analogy

The disclosure offers a railroad-track switch as an analogy: a switch set in one of two
positions directs traffic in alternative directions. In the cell, the alignment direction set
during charging determines the discharge direction that is available. Reversing the
polarity of the charging bias would reverse the alignment direction and reverse the
discharge polarity. Because the alignment is set during charging and then locked, the
cell delivers well-defined unidirectional discharge consistent with its external circuit
configuration. It functions as a stable polarized energy storage element rather than as a
symmetric bidirectional element, even though its chemical composition is symmetric

and invariant.

Relationship to the Three Directional States

The polarized-switch behavior is the bulk-volume expression of a broader directional-
state framework. The gel exists in one of three operational states distinguished not by
chemical composition, which is invariant across the operational lifetime, but by the

direction of current flow: a charging-direction state, a discharging-direction state, and

an equipotential storage state in which no current flows in either direction and the



directional asymmetries are absent. The three states share the same chemistry; the
difference resides in which subsets of the gel's structural features are actively mediating

flow versus sitting passive.

The dual-domain architecture supports this distinction. In the charging-direction state
the hydrophobic gating regions act as the active, or "light," zone while the hydrophilic
channels act as the passive "dark" zone; in the discharging-direction state the roles
reverse. In the equipotential storage state, no zone is preferentially activated. The
coherent alignment of the polarized switch is the bulk-volume property that carries the
imprint of the charging-direction state forward into storage and governs how the cell

transitions into the discharging-direction state under load.

Manufacturing and Material Dependence

The polarized-switch behavior is not free; it depends on the gel's structure and on the
manufacturing process. The disclosed manufacturing process establishes a static-charge
gradient that admits coherent alignment under bias. A static-gradient quality
measurement classifies a gel as well-aligned, moderately-aligned, or noisy or irregular,
and a heat-treatment step smooths gradient irregularities so the gel reaches its
operational state with the coherent static-charge alignment that the polarized-switch
behavior needs. Gels in the noisy or irregular category are recommended for rejection
rather than recovery, because the extended heat treatment they would require
frequently exceeds the threshold beyond which carbon air formation compromises

switching.

The behavior also depends on the gel's polarizability per unit volume. Excessive carbon
air phase formation is observed to degrade switching capability by reducing that
polarizability, which weakens both the alignment-locking and the reorientation-under-
load behavior. For this reason the practical upper limit on carbon air phase formation is
set by the requirement to preserve switching capability rather than by the theoretical

maximum of carbon air conversion. The disclosure states a switching-preservation



threshold of approximately 30 percent of total carbon mass, and observes that
conversion beyond approximately 25 to 30 percent of gel carbon mass compromises

switching behavior.

Disclosure Scope

This article describes subject matter disclosed in U.S. Provisional Application No.
64/055,649. It addresses one disclosed mechanism, the operation of the storage gel as a
polarized electrochemical switch, and the related directional-state and material-
dependence disclosures. A provisional application establishes concepts and
mechanisms and does not constitute an issued patent or define enforceable claim scope.
Every mechanism, term, and numerical threshold stated above is drawn from the
provisional as filed; no voltage, capacity, energy density, or other quantity is asserted

beyond what that application discloses.
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