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CATL (Contemporary Amperex Technology
Co. Limited) alternative: a hydrogen-
aluminum cell architecture vs LFP, NMC,
and sodium-ion at the chemistry-category
and materials-sourcing level

CATL, the world's largest lithium-ion battery maker, ships LFP and
NMC cells and integrated packs such as Shenxing and Qilin at
enormous scale, and has publicly moved into sodium-ion. Every one
of those product lines shares an architectural backbone: two
electrodes of different electrochemical potential separated by an
internal separator, storing charge by intercalation or conversion.
This article positions a different architectural bet, built on the
Hydrogen-Aluminum Energy Cell, disclosed in U.S. Provisional
Application No. 64/055,649, which composes established materials
science into a separator-free, bulk-equipotential cell that stores
energy as electron-stabilized hydrogen-metal surface bonds on
aluminum nanoflakes. The comparison is honest about an
asymmetry: CATL ships proven product at gigafactory scale; the
disclosed work is an architecture in a provisional filing, not a
benchmarked device.
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Does

CATL is, by shipped capacity, the largest maker of rechargeable battery cells in the
world. Its product families span lithium iron phosphate (LFP) cells, nickel-manganese-
cobalt (NMC) cells, and integrated pack systems marketed under names such as
Shenxing and Qilin, along with a publicly announced sodium-ion product line. These
products power electric vehicles, grid storage, and consumer systems across a global
supply base, and they represent some of the most mature, highest-yield, best-

characterized cell manufacturing on the planet.

What CATL does well should be stated plainly. Its LFP cells are durable, thermally well-
behaved, and cost-competitive; its pack engineering integrates cells into structural
systems with high volumetric efficiency; and its lines deliver consistent, validated,
warrantied performance at a scale any new architecture must respect. When this article
draws a contrast, it is a contrast of architectural category, not a claim that CATL

products underperform.

At the cell level, CATL's lithium-ion and sodium-ion products share the classical
rechargeable architecture: an anode and a cathode held at different electrochemical
potentials, physically separated by an ion-conducting, electron-insulating separator,
with charge stored by shuttling ions (lithium or sodium) into and out of host lattices.
Its material inputs, most prominently lithium and, for NMC, nickel and cobalt, are the
subject of well-documented global sourcing attention, and CATL's own move toward

LFP and sodium-ion is in part a response to those pressures.

The Architectural Axis

The axis this comparison addresses is structural, and it is twofold: the charge-retention
architecture of the cell, and the materials from which the active system is built. It is not
demonstrated performance. The disclosed invention has not been benchmarked against

a CATL cell, and no such comparison is asserted.



On the charge-retention axis, every product in the CATL families named above retains
charge the same canonical way: an internal separator prevents direct electron flow
between two electrodes of different potential. That separator is the load-bearing
component for charge retention across essentially all commercial lithium-ion and
sodium-ion cells. It is a well-understood and highly optimized component, and framing

an alternative to it is a difference in architecture, not a defect in CATL's engineering.

On the materials axis, the classical intercalation architecture is defined by its host-
lattice chemistry: lithium or sodium ions cycling into transition-metal-oxide or
phosphate hosts and graphitic or hard-carbon anodes. LFP and sodium-ion both reduce
dependence on the most sourcing-sensitive inputs relative to NMC, which is a genuine
strength of those lines. The disclosed architecture sits on a different point of the
materials map entirely, and that difference, not any performance claim, is what this

article frames.

How the Disclosed Approach Differs

The Hydrogen-Aluminum Energy Cell disclosed in U.S. Provisional Application No.
64/055,649 is described as a foundational class of sealed cells defined by an integration
of architectural elements, not as a demonstrated device. Its underlying science,
hydrogen chemisorption on metal surfaces, proton-conducting carbon gels,
electrochemically driven nanoparticle restructuring, and mechanochemical repair at
strained sites, is pre-existing and characterized in published literature. The disclosed
novelty is the combination and the resulting cell category, not any newly discovered

basic science.

Structurally, the disclosed cell has no internal separator. It uses a single continuous
bulk volume of dual-domain proton-conducting carbon gel that is simultaneously
electronically and ionically conductive, filling the interior between two carbon current
collectors, with a population of metal nanoflakes, preferably aluminum, dispersed

throughout. Charge is retained not by insulation but by bulk-equipotential saturation:



in the charged state with no external load, the disclosure describes every nanoflake
sitting at the same electrochemical potential, so no internal driving force exists to
redistribute charge. The disclosure frames the closing of an external circuit as the event
that breaks this equipotential symmetry and permits discharge. This is a categorically

different retention principle from a separator holding two potentials apart.

Energy is stored, per the disclosure, as electron-stabilized hydrogen-metal surface
bonds formed by proton-coupled electron transfer at the aluminum nanoflake surfaces,
rather than as ions intercalated into a host lattice. The disclosure further describes a
hydrophobic gating asymmetry, in which charging hot protons cross a hydrophobic
domain to reach the flake while discharging protons exit through a separate hydrophilic
channel; a dynamic-expansion mechanism in which carbon intercalates at
coordination-asymmetry boundaries in fractal-dendritic flakes; and a mechanochemical
self-healing process in which mobile carbon migrates to strained sites during cycling.
On the materials axis, the active metal is aluminum, recited for its abundance, low cost,
and low atomic mass, and the gel framework is a boron-doped turbostratic graphene
made from biomass feedstock, with boron doping described as a precision multiplier

across the gel's operating behaviors.

It is important to be exact about status. The disclosure explicitly labels its energy-
density and aging behaviors as projected or as prophetic examples, to be determined
empirically through prototype testing. Where the disclosure states figures for aluminum
active-material capacity, or describes use-positive aging in which cycling does not
produce monotonic capacity loss, those are projections from the disclosed mechanism,
not measurements. Nothing here should be read as a benchmarked result, and nothing
here compares a measured number against a CATL specification, because no such

measurement exists in the filing.



Where They Fit Together

The honest framing is compose-and-differentiate, not displace. CATL ships validated
cells today across EV, grid, and consumer markets, backed by manufacturing maturity,
warranty data, and field history that a provisional-stage architecture cannot claim and
does not attempt to claim. For any application that needs a known, certified, available
cell now, that is what CATL's LFP, NMC, and pack products are for.

The disclosed architecture is for a different question: whether a separator-free,
aluminum-and-carbon cell category, built from established materials science but
combined in a new way, is worth reducing to practice and testing. In that sense the two
do not directly contend today. One is a shipping product family; the other is an
architectural hypothesis in a filing. A fair reading treats CATL as the incumbent
baseline that defines what mature intercalation manufacturing achieves, and the
disclosed work as a distinct architectural bet whose value, if any, will be established by

prototypes rather than by argument.

There is also a genuine point of alignment. CATL's own trajectory toward LFP and
sodium-ion reflects industry-wide attention to sourcing-sensitive inputs. The disclosed
architecture's emphasis on abundant aluminum and biomass-derived carbon sits on
that same broad axis of materials availability, arriving at it from a different
architectural direction. That shared concern is context, not a claim that the disclosed

cell solves sourcing better in practice; it has not been built.

Boundary Conditions

The most important boundary condition is maturity asymmetry. CATL products are
manufactured, certified, and deployed at scale. The disclosed cell is an architecture in a

provisional application. No energy density, cycle life, calendar life, efficiency, or cost



figure for the disclosed cell should be treated as demonstrated; the filing itself
characterizes such figures as projected or prophetic. Any comparison that implied

otherwise would be false.

On the materials side, the honest boundary is that the disclosed cell's building blocks
are prior art. Hydrogen chemisorption on aluminum, proton-conducting sulfonated
carbon gels, turbostratic graphene from flash-heated biomass, boron doping of carbon,
and mechanochemical repair are all pre-existing science. The disclosure does not claim
to have discovered any of them. What it claims is a specific integration of these known
phenomena into a sealed bulk-equipotential cell, and that combination is what is
offered as novel. The disclosure also candidly recites its own long-term degradation
concerns, including aluminum-cation migration into the boron-carbon doping pairing,
which further underscores that this is an engineering hypothesis awaiting validation

rather than a finished product.

Finally, the comparison is scoped strictly to the two architectural axes above. It makes
no claim about CATL's cost, safety incidents, roadmap, or field reliability beyond the
neutral, widely known facts that CATL ships LFP, NMC, Shenxing and Qilin packs, and
a sodium-ion line at leading scale. Any statement here about CATL is intended to be
accurate, current, and non-disparaging; where a detail is uncertain it has been

generalized rather than asserted.

Disclosure Scope

The invention described in this article is disclosed in U.S. Provisional Application No.
64/055,649, which is the sole ground truth for every statement made here about what
the disclosed cell is and does. All references to CATL, to its LFP, NMC, Shenxing, Qilin,
and sodium-ion product families, and to the broader battery market are external
context supplied for positioning only; they are not part of the filing, are not claims of
the filing, and should not be read as characterizing the scope of any claim. This article

does not assert that CATL or any of its products has any defect, and any architectural



contrast drawn here is a difference in design category, not a criticism of CATL's
engineering or manufacturing. Competitor names are used nominatively to identify real
products; no affiliation, endorsement, or comparison of measured performance is
expressed or implied, and no performance figure for the disclosed architecture is

asserted as demonstrated.
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Sealed electrochemical cell storing energy as reversible covalent hydrogen bonds on carbon
electrodes.
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