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Hypothesis: The Sulfide Surge Is the Industry’s Answer to the
No-Fire / No-Explosion Principle

Hypothesis: Companies De-Risk by Running Parallel
Electrolyte Tracks In-House

Takeaway: 2026-2028 Is an Unusually Dense Validation
Window

China’s GB 38031-2025 “no fire, no explosion” mandate # (in force 7/2026) makes intrinsic propagation Past capability jumps were enabled by beachhead niche markets — for sulfide-class cells that ladder is thin*, so Independently scheduled events now cluster: China’s no-fire / no-explosion type approval becomes
resistance decisive. Industry prioritizes sulfides — thermally the best fit among high-rate chemistries* — and staging has moved in-house: 17 of 40 covered companies hold patent portfolios with three or more mandatory (7/2026 ), solid-liquid mass-production ramps (2026 ), sulfide precursor plant and small-batch
must build everything new, incl. a layered H,S safety concept (26 of 40 covered companies): every layer electrolyte classes in depth, sequenced - solid-liquid ships and ramps now, sulfide staged behind (small- launches (2027 ), premium-vehicle deployments (2027-28 ¢ ) — each settles part of one of the five open
patentable. Sulfide’s share of chemistry-assigned patent families (40%—=61%, 2022—2026) reflects batch targets 2027+ ). Pack designers and component suppliers face divergent requirements per track*: decisions. Gates to watch: <1 MPa full-cell operation, <20 micrometer solid electrolyte layers at roll-to-roll
engineering surface, not market proximity — the least-filed track, solid-liquid, is the furthest scaled. stack pressure, architecture, processing route. speed, layered H,S control at type approval.

*author hypothesis, reasoned beyond the patent record - & public-information anchor (official / regulatory sources, references available)

Methodology — Al-Supported Patent Analysis, Anchored by Continuous Expert Validation Level by Chemistry Track — How Far Each Route Has Scaled

Measured lonic Conductivity vs. Estimated Material Density — Key Decision 4 — Stack Architecture

Curation
Forward-looking author views, traceable to the underlying patent record

Manufacturing-validation ladder per track - produced volumes where publicly disclosed ¢ Electrolyte Materials

Two best measured values per material, each from an independent applicant = the validation rule

One electrolyte everywhere vs. hybrid multilayer stacks — each chemistry where it is strongest

LAB AH PILOT GWH MULTI-
CELLS / PROD. GWH
& (2] O (4] ggg&@ggﬂw ?ﬁ%%& FLEET 2;%2%2 g; PRODUCED VOLUME (ONLY EV- .-, each dashed circle = 2 patent families from 2 independent applicants — publication numbers Single-chemistry stack Hybrid multilayer stack
- . i S TR | " available : : :
Patent capture - f:'"'_d°°“me“" C":ss':!catm“ L °°“tt'_““°“s expert One electrolyte throughout the cell, fewest Halide facing the high-voltage cathode,
ili analysis extraction curation s et i i ina i o : : : : : .
200+ patontiamilios = | | | e Solid-liquid/ @ ® ® ® B SR EhERRed N IAIN SO an S S 2 interfaces — but one chemistry must satisfy sulfide facing the anode, oxide or polymer as
published since 2022 - OCR-assisted reading of Electrolyte class, Triweekly subject-matter semi-solid operational capacitye - EVs on the road since 2023 - 5x10 low mass x high conductivity* , i . .
EPO-sourced, covering complete documents incl. development focus, and expert screening since 200 MWh grid storage - a completed 2.3 GWh line less inactive mass per kWh at a given film thickness _ both electrode environments simultaneously. barrier / bonding layers, catholyte—anolyte
>100 patent offices - 41 tables and figures — one quantitative values early 2022 anchors begins series supply to a European OEM’s next- 5 .. LRE-dypequatemeary sullice . L i bilayers on the solid-liquid side.
T . . . S o ~3%10 fole) default configuration in most portfolios
leading innovators tracked structured technical (conductivity, operating significance, validation : o . T 3 x !
T generation model (2026—-27) e - a ceramic-separator 5 oM . . .
g\dlv:jduafl.lyI (;)Ius the fumraw ;Iﬁ.r patelnt plress.L:)r_:a.z extracteddand Igatlc(e.s and tge for\:r/jlrd- GWh-class plant has shipped >800,000 cells+ ) L ‘\:‘?/ ml:ItlI:l)f(er-.a:rc:lltectu(rzeo:lzgngIo::?o_»%O
roader field. amily, multilingual. plausibility-screene ooking reads on this i 6 5 i 22x10 Argyrodite sulfide : - paient ramilies/year —3
before any statistic is poster. -Key onen .gate. slﬁ?rlfant!ztlor:l& margimys=iast: % Engineered polymer / oligomer Hajideioxyhslide
drawn. IR DEATDRNEqHIC oa0s 5 supramolecular 6.5x10~2 S/cm ,_-/
c o [ ® ‘, . . . .
o All-solid @ @ & O >1 GWh produced cumulatively since 2011 e (Li- § 1072 Isc:vlfzzf ;Z(:\szi.tiﬂ?’;g/‘c\m ‘\_’, ’ Smgle Chem|Stry Hyb"d mUIt“ayer
Traceability rule (excl. case studies): every quantitative statement on this poster is supported by at least two polymer metal / polymer, heated operation up to 80 °C, buses 'c \ ‘e i : : = s
’ ’ ’ 9 . \\ ’/ -
patent families from at least two independent applicants. The underlying publication numbers — with EPO and stationary) - room-temperature generation announced = 223 o Lil / LiBr-modified Performance DeepeSt full-cell evidence base Ea_Ch '_nterface. .Iocally opt|m|zed,
Google Patents links — plus all public-information anchors are available. for ~2027+e - engineered polymers / oligomers now ° : { .\‘ / e '.‘(,/ Li,PS, glass-ceramic STRONG EVIDENCE IN PATENTS oxidation stability measured to 4.7 V
reach ~3-6.5x10~3 S/cm at RT 3 5x10 :‘ ‘l B s oolmier c‘;r;"’osite MODERATE EVIDENCE IN PATENTS
* author hypothesis, reasoned beyond the patent record - e public-information anchor (official, regulatory or Key open gate: room-temperature performance at scale é -| ] (incl SOFI)i d_z'qui q /Sem'?_soli d) Garnet oxide (LLZO)
peer-reviewed sources) without heating B 501073 \\. & the gravimetric outer Manufacturability Fewer deposition / lamination Layer-count cost, alignment &
Patent analysis-related confidence grades used in the decision panels: = oe ,/ i~ NASICON oxide (LATP / LAGP) ‘o steps lamination precision
STRONG EVIDENCE IN PATENTS io| borati ot il e o i 4 dent aplicants. incl | @ Polymer-oxide @ & @ First 0.5 GWh all-solid line (polymer-inorganic _3 : ‘: ' ./‘,
. multiple corroborating patent families from independent applicants, incl. scale composite composite, >400 Whikg) commissioned late 2025+ — 2x10 ,‘ : 2 STRONG EVIDENCE IN PATENTS THIN EVIDENCE IN PATENTS
or full-cell evidence sample cells rolling, prototype vehicles 2026, mass ‘\\ .’/
MODERATE EVIDENCE IN PATENTS narrower evidence base — few patent families, or sub-scale / component- delivery targeted 2027 - best measured lab values T Failure modes One chemistry’s weakness Interface count multiplies degradation
« favors gravimetric energy densit ; i i :
level data only 8.5-9.7x10~3 S/cm 1078 : 195 — : 4 2'5y - - \ = . appears everywhere in the cell paths, longevity evidence thin
THIN EVIDENCE IN PATENTS limited or indirect evidence — early-stage, single-configuration, or inferred from Key open gate: interface stability over automotive life Estimated material density (g/cm?)* — lighter electrolytes to the left . . . . .
adjacent disclosures Cost direction Baseline Added functional layers vs. avoided
i H— Ah-class prototypes: the leading configuration pairs an . .
Data source: European Patent Office (covers >100 patent offices globally). Patent families, not granted patents, grant ® Oxide all-solid zxidey:eparator withga quuigd cathoIF;lte protectlve coatlngs — unresolved
status, geographic coverage and claim scope vary within patent families. Patent family counts reflect IP strategy as much (anadesiast et — Besanples lnvahicls Key insight: the sulfide, halide and oxide-polymer composite classes clear 5x1 0-3 S/cm, and
aif&D ;E??:Mi H;is pogtef supports technical decision-making, it is not legal advice, and all IP-law questions belong testinge, a pilot production line inaugurated 2026, engineered polymers / oligomers reach 3-6.5x1073 S/cm — at these levels, bulk conductivity COMMERCIALIZATION STATUS
witnh quailliiied patent counsel. : ; : : . . Lo ) .
. iy and a major OEM'’s battery unit holds a license for up stops being the discriminator: a 20 pm film at 5x10~3 S/cm contributes only 0.4 Q-cm? area-

to 40 GWh/year of industrializatione. Bulk all-solid Hybrid stacks are at lab / prototype scale — halide-facing-cathode designs with oxide barrier

specific resistance*. What separates the tracks is how thin a separator film each material

T e Poshure Z;d:p::I:;;T::::l;a;?r:izzss:?zst’ _— can sustain whi!e still blocking sh<.)|'-t circuits and meetin’g safgty requireme|_1ts 5 film layers, su.lfide-buffered OXiC.le separat.o_rs, and room-temperature-assembled Ca_th0|yte /
P T Yol asod - the energy-vs-manufacturability bet density thickness x density, not bulk conc.juctlwty, sets th? elec-:troll.yte S reS|sta.nce and weight in the cell. anolyte bilayers all appear in patent filings of multiple independent majors. Halides
The race has moved to <20 um, ideally <10 pm film viability: mechanical robustness against increasingly show up as a cathode-side complement rather than a standalone chemistry
e Sulfide H—& Qommfarcial today only at mif:roscale (hermetic dendrite penetration, defect-free processability at thickness, and the safety / regulatory dossier. bet.
Li-metal excess foil ‘Anode-free’ / in-situ plated Si-based composite industrial cells, small volume in GWh terms) - 20 Ah Feasibility pointer*: incumbent liquid-cell separators already ship well below 10 pm in mass
Thin Li foil carries the lithium :_'ithium plated from the Cat.hOd? on High-capacity $i tanr;ed by ?’Zr:;f;:;n?%sgzt;;fg:g'sf;z:rf;ng;f (23227“ production — sub-10 um roll-to-roll film handling is proven; with the right composite solid
'r::lir::ery{);rt]ii'gr]ﬁfzt'rﬁnagy.ers r:;wzrs]ta L%T&;Zt?ir;o;:n;ciit e icnocrzri%s;et faliasclst;rr;’dt;OseSt ° 5027+ electrolytes. this should be reachable too, though <20 um remains a demanding near-term goal, WHAT WOULD SETTLE IT*
3,011 patent families reference 526 patent families reference manufacturing. Key open gate: layered HoS emission risk mitigation 6.g. for sulfides. Delamination-free thermal and pressure cycling over life - interfacial-resistance stability
Li-metal anodes - 687 (2022) — ‘anode-free’ designs - 70 (2022) 648 patent families reference Si- through type approval, process yield T —_—— T across =1,000 cycles in multilayer builds - cost per added functional layer at format scale.
817 (2025) per year (‘anode-free’ —» 201 (2025) per year based anodes - 140 (2022) — 220 Values: best plausibility-screened, measured room-temperature conductivities reported in the patent filings
excluded) (2025) per year o Halide / - = Being industrialized bottom-up via specialty (pellet / membrane level, computational predictions and claim-range bounds excluded), one value per E y
oxyhalide applications: the field’s largest halide patent portfolio patent family, two independent applicants per material (validation rule). * Densities are class-level literature
Li-metal excess ‘Anode-free’ Si-based holder commits to samples by March 2027+ for estimates, not extracted from patent filings, halide / oxychloride placed at a class midpoint (=2.4—-3.3 g/cm3
industrial robots, tire-pressure monitoring and high- depending on metal). Measurement conditions vary by patent filing. Decision 5 — Market Entry
Performance Precursor to ‘anode-free”™ Best volumetric density, Fast-charge tolerant temperature equipment, commercial specialty \. p. Solid-liquid bridge now vs. direct all-solid — two risk classes, one portfolio

advantage rate-limited by plating

production 2027-28 ¢ and drone-battery mass
production from 2029« (80% SoC in 3 minutes).

Manufacturability =20 um foil solved (extrusion-type  Simplest bill of materials, Reuses incumbent coating S b o T
ulti-halide designs balance oxidation stability,

Decision 3 — Processing Route

: Gt ds : : Solid-liquid bridge now Direct all-solid
procasshFVDIOWSSHalgetes)  RATCeSkpIAtNGIRIEmI™ JIfRs i e e Wet slurry vs. dry / solvent-free — where separator and electrode economics are decided S g o : I |
um, at-scale cost still to be \cuctivily and ra en ' ’ Gigafactory-compatible cells shipping in aviation and Skip the commercially thin intermediate markets and
validated* aldesiappedras a cathode-gids:compisment premium EVs, generates field data and cash. The risk aim at the regulated EV endgame. The risk class:
_ | N _ . _ . (Peeision4) B Wet slurry Dry / solvent-free class: differentiation against fast-improving incumbent feasibility, compressed into few validation events.
Failure modes Dendrites / critical current density,  First-cycle Li loss, Expansion management: Key open gate: low resistance across compositionally _ _ _ o o _ liquid cells ' : :
interlayer chemistry decisive (in- nucleation control via compliant current collectors, distinct halide layers after prolonged high-temperature Binder / solve.nt systerr?s.elznglneered around Binder fibrillation, drY .b'a).('al stretching, dry small-batch targets 2027+ + - microscale industrial
situ polymerized networks, seed layers with tight fibrous interlayers, particle cycling, anodes beyond LTO (halide—lithium reactivity) polar-solvent incompatibility (nonpolar solvent powder surface modification, no solvent gigafactory scale today - mass-production ramps cells the sole commercial rung today
mechanical suppression layers) composition windows engineering chemistry, staged binder molecular weights, recovery loop, direct lamination onto announced from 2026 ¢
pre-ionized salt carriers), reuses coating electrodes.
Cost direction Li-foil premium, foil-width limits Lowest materials cost, Metallurgical-Si cost path Key insight: validation level and patent filing volume are inverted — the track with the fewest patent filings (solid- know-how _
yield risk carries it* attractive* liquid) is the furthest scaled, while the patent filing leader (sulfide, ~61% of 2026 chemistry-assigned patent : e - f' I'y--r:-mst/e mgn;:)g; u?::; o0 patent b e o bt s
families) remains commercial only at microscale. Read together with Hypothesis 1: patent filing volume tracks carries today’s pilot lines across majors amilies/year( - ) ,
- h A— ; S vet. Practical il | : ¢ Performance 300-500 Wh/kg depending on anode 400-500 Wh/kg targets at prototype level
COMMERCIALIZATION STATUS ow much must be built new, not proximity to market. Practical consequence: filing volume is a poor proxy for

S : . : : : posture MODERATE EVIDENCE IN PATENTS
Direct-path sulfide EV programs likely pair with Si-based anodes at launch according to patent filings and market proximity — it maps where the most must still be built and solved, i.e. where technology risk and supplier Wet slurry Dry / solvent-free B e

prototypes of multiple majors, Li-metal is typically positioned as the later energy step*, ‘anode-free’ is the fastest- o il Ll e L G

g | : | e 2 g | Performance Uniform thin layers, residual-solvent Dry-stretched membranes at 10

rowing anode signal (=3x since 2022, vs. =1.2x Li-metal excess foil and =1.6x Si) with the least application , , - , } _ _ , , , ili ' ' ' ' -to-

g g . 9 ( ) PP Ladder assessment: author view* based on public information ¢ (references available) combined with the patent record. GWh effects manageable Mm solvent-free, 5-8 Mm with a Manufacturabliity = Reuses incumbent lines and supply chains  New process environment end-to-end
deployment evidence. figures as publicly reported, capacity # shipments. The ladder tracks scale-up toward large-format (EV-class) cells: launched MODERATE EVIDENCE IN PATENTS plasticizer-extraction step STRONG EVIDENCE IN PATENTS THIN EVIDENCE IN PATENTS

microscale products are genuine commercialization at small produced volume (though typically providing high added-value). All-
Failure modes Dendrite control at fast charge, margin Layered HoS emission risk mitigation must hold

erosion by incumbent cost curves through production, field use, recycling — and pass
type approval

WHAT WOULD SETTLE IT* solid polymer produced volume includes heated Li-metal / polymer systems (operating temperature up to 80 °C). (_polymer m_atmf’ ha“c_je- or oxide-
\ ’ filled) - sulfide films via dry PTFE

fibrillation, 10 um measured as a
layer rolled onto the anode

Critical current density at <1 MPa in multi-layer pouch cells - first-cycle inefficiency budgets at pack level - inline
methods that verify uniform lithium plating at production-line scale & speed.

Counts: patent families whose Al-based summary references the respective anode posture, across the full 8,500+ patent family Downstream Patent Flllngs Are Compoundlng While ChemIStry Questions Stay THIN EVIDENCE IN PATENTS Cost direction Near-incumbent at scale Premium until the fixed process costs amortize
corpus (publication dates since 2022). Li-metal excess foil count excludes patent families also flagged ‘anode-free’. open . ] ]
9 P Development-focus classification of 8,500+ patent families - multiple assignments possible per patent family Manufacturability Solvent recovery & drying capex / Roll-to-roll width and speed
opex well understood unproven at scale COMMERCIALIZATION STATUS
o STRONG EVIDENCE IN PATENTS THIN EVIDENCE IN PATENTS The dominant pattern is sequencing, not choosing: 23 of 40 covered companies hold a solid-liquid track — of
Decision 2 — Operating Pressure Eail 4 . S - these, 16 pair it with a staged all-solid sulfide program and 21 with other all-solid chemistries (oxide,
R e aine MuIEMES IUIos vs. malorials route fo <1 MFza — seven of eight validated EguipmBnE fooling Sox aifure modes goidial SONETE > E1esHoie [roles 7 AICKNess variatior, polymer, composite, halide), of which 15 with both, the solid-liquid products funding and de-risking the staged all-
cells now sit at or below 1 MPa _ 100 degradation, binder—solvent— binder-fibril fatigue over cycling oo
] electrolyte compatibility triangle '
] ] ; 80 Assembly 2.8x
Engineer around 2-5+ MPa Materials route to <1 MPa ke Cost direction Solvent loop dominates operating cost Lower opex if yield holds — that is WHAT WOULD SETTLE IT*
Rigid fixtures, springs or hydraulics maintain Interface-forming additives, softening phases, = 60 PEpKpIOsRUIRIgx the bet : : : : . ; . —
: . : : 8 Testing / QC 4.1 Bridge-cell margins against the incumbent LFP / high-Ni cost trajectory - type approvals under (e.g. China’s) no-
stack pressure, proven in prototypes, heavy and elastomeric networks and engineered interlayers = esting A% e . T B il e _ icle wind
. o Ire / No-explosion mandate & - wnicn track captiures tne = premium-venicie wWinaow.
costly at pack level as cell area grows. reduce the pressure the chemistry demands. £ 0 COMMERCIALIZATION STATUS
t)llplcal lab conditions: about 5 MPa across all IdoweStd‘-,a"datedhcyc-ng. 0.05-2 MPa, % R — Wet routes carry the current pilot lines of multiple majors, dry-route validation is mostly half- Solid-liquid track: =2 patent families in the liquid-containing composite class or =3 semi-solid-flagged patent families. All-solid
cilasses epending on chemis 2 - ) : . - A S o milies in t acnective clac
k g L =0 = —- cell or hybrid-cell so far — including dry-stretched membranes tested as safety inserts inside pairing: =3 patent families in the respective class.
. e : . J
- each dashed circle = 2 patent families from 2 independent applicants — publication numbers 0 conventional liquid cells rather than as full solid-state separators.
"~ available 2022 2023 2024 2025
A P— ) WHAT WOULD SETTLE IT* Case Study B — The Direct All-Solid Integrator
'ypical 1ab conqitions: abou a (all classes ] ) ) . ) Vertically integrating automaker - sulfide electrolyte - Si-based anode at launch
e AN I | EE i 4.6 4.1 3.1 28 <10 um free-standing separator at roll-to-roll speed and width with published yield - full-cell sl 4
o 5 Projection: OEM-acceptable -OX 1% 1% 128 . o
= : . . PN . . o . . . (not hybrid) validation of dry-processed layers - the solvent-loop-cost vs. dry-capex crossover
o~ window will shift to . N Production equipment & Battery testing / inspection Stack-pressure Cell assembly / integration
S B 2 % e 2 TARGETS
S o <1 MPa, lower preferred = 4 } tooling & QC management (29 — 80 patent at GWh scale.
8‘ ;;~ 1 4 ‘\‘ 1 1i'\e e (23 — 106 patent (14 — 58 patent (20 — 62 patent families/year)
g % 0.6 : ° ! Yent families/year) families/year) families/year) S J >1 ,000 ki <10 min
0\ ’
_'§ ‘q'; 0.5 Sl Y . Vehicle range target & SOC 10—80% charging &
- 4 +.0.33 - 2 ith stacked prismatic cells. -3 o
© ;'-,'; 0.3 0.3 '\. ‘/' LG Reading: companies are tooling up — equipment, quality control, pressure management and assembly patent filings Case Study A The_ D_ual_ T_raCK Cell Make,r _ U e LelleiC O S el e
> @ 02 ot P e. 0.2 ) - ) o . . World-scale producer - solid-liquid shipping now - all-solid sulfide staged behind
o / \ compound at 3—4.6x while core electrolyte patent filings grew ~13% over the same window. This is capacity being prepared
n D I 3
‘1;’ 2 4 Sulfide cells cycled at 0.30 /0.33 MPa ! ! liquid-electrolyte for the 2026—2028 validation window, on top of — not instead of — the open chemistry decisions. A higher multiple marks ~500 patent families 1.000 t/year LizS
o : : ' ! ouch modules: tvpical where industrialization problem-solving is most intense right now — active build-out, not maturity. TRACK 1 - SOLID-LIQUID (POLYMER / OLIGOMER) TRACK 2 - ALL-SOLID SULFIDE c
— 0.05 shown by two independent majors (2025—-26) 0.05 ‘\. 1 bp ~0 3 n}}l’: Published since 2022 — Dedicated precursor plant +
. Bt ’ racin t ; io i -
0.03 D Acngupto e 2026 year-to-date volumes track the 2025 run-rate (partial year, not plotted). Deployed 2026 ramp ¢ liciaigestpoticionicass operational Q3 2027.
’ s . = \ _J Aviation & high-end EVs today, Solid-liquid mass production announced,
Sulfide OXIde POIVmer Halide >1,000 km pack-level ranges shown. 500 Wh/kg headline cells.
KEY MATERIAL CONCEPTS
Multi-MPa fixtures Materials route <1 MPa The Validation Window 2026-2028 — Which Event Settles Which Decision? | 20_ Ah sa.mplles 20_27 — <2030 « 0 Quality-controlled sulfide via low-oxygen solution synthesis
. : Independently scheduled, publicly announced timelines by various industry protagonists e (regulatory dates, j,%'gg?ptgrasloi”;ﬂimnngléi:ff;, theﬁTSLZZ-ZTSQ-ZEE?cz;:CSBaI. 4.1 x 103 S/cm; controlled-atmosphere synthesis (<300 ppm Oy) cuts the resistance after 1,000 cycles from 346-400 to 210-235 Q-cm?, moisture-
Performance Full rate / cycle datasets at 2-5 MPa Sub-scale cells with favorable retention company announcements) suggest open decisions will be gradually settled as market & technical validation data resistant ether-modifier coatings relax dry-room requirements.
STRONG EVIDENCE IN PATENTS STRONG EVIDENCE IN PATENTS becomes available - decision mapping: author assessment*

KEY MATERIAL CONCEPTS ACROSS BOTH TRACKS

Manufacturability Fixture mass, cost & uniformity burden  Pouch-compatible, simplifies module

e Dual-layer & halide cathode-interface systems

Supramolecular ionic-liquid / oligomer electrolyte Coatings on the cathode active-material particles: an oxide inner layer directly on the particle plus a sulfide-conductive outer layer, or halide coatings

grow with cell area hardware 07 /2026 > 2026 > 2027 > 2027-28 ) 2028+ ne-T-stacked ion channels: 6.5 x 103 S/cm bulk, 2.4 x 103 S/cm in membrane, >438 °C boiling point — Li-metal cells without heating requirements. with high oxidation stability — chemically isolating the particle from the bulk sulfide electrolyte, the hybrid-stack pattern of Decision 4 applied at the
MODERATE EVIDENCE IN PATENTS MODERATE EVIDENCE IN PATENTS particle level.
No-fire / no- Solid-liquid mass- Sulfide small- Premium-vehicle First automotive e Gradient-crosslinked polymer matrix for crash safety
Failure mOdes Pl‘eSSU re radients — |Oca|ized |atin V0|d formation / contact |OSS over ||fe . . . Spatially varied crosslinking: soft at electrode interfaces, rigid in bulk — 5.7 mm deformation under 100 kN in 70 Ah-class cells, lighter pack structures.
. g P g : explosion type produ.ctlon ramps batcfh launches, deploy.'ments of fle_Id data at scale a Si-tolerant current collector & bipolar assembly
in large formats without external force approval becomes ¢ — bridge-track dedicated all-solid cells & — — life, safety and _ _ Resin current collectors with carbon networks absorb Si expansion, bipolar stacking with deformation-controlled hot pressing.
mandatory in cells move from precursor plant anode posture and warranty evidence 0 Reinforced-concrete” sulfide separator
Cost direction Pack hardware and mass penalty per Additive & processing cost, less China e — currently aviation / premium on line & — first operating-pressure begins to settle the Cerakrpm fiber networks + phase-change toughening particles: fracture toughness up to 5.32 MPa-m'/2 (=25x baseline) against dendrite-driven
cracking.
kWh hardware the only jurisdiction niches to volume supply-chain posture become remaining bets, CRITICAL RISK
with this lines, margin data economics and visible in actual incl. solid-liquid P Toxic HoS emission upon moisture / water contact across production, field use and recycling — addressed as a layered defense (particle
i H 1 H HH 2 . . . . . . .
COMMERCIALIZATION STATUS requirement, other vs. incumbents progess-yleld . products and their stack durability. Amphiphilic molecular surface layers on sulfide particles + oxysulfide doping — targeting ppm-level emissions under industrial dew-point control, coatings, process atmosphere, hermetic packaging, pack-level gas management), which must hold through type approval and vehicle lifetime.
markets may starts reality for the direct pack hardware. m backed by cell / pack engineering layers.
Every chemistry class now carries validated low-pressure cell data inside the OEM window — follow*. Thermal- accumulating. path. " ANODE | T TR TS
notably sulfide cells cycled at 0.30/0.33 MPa by two independent majors (2025_26), via propa.gation MARKET ENTRY MARKET ENTRY m m CRITICAL READS :l:ee(;::: history: launch guidance moved 2020 — 2023 — 2026 — 2027-28 — repeated deferrals warrant a cautious reading of the current
molecular-crystal additives and self-healing elastomeric networks. Typical practice still sits at 5 MPa containment and m m Track 1: dendrite-driven shorts appear controlled — possibly at the expense of maximum fast-charge rates, optimization and cost-down still '

post-fast-charge open against improving incumbents. Track 2: four gates before EV scale — solid-solid interface contact, dendrite control, HoS environmental

— at production scale the number is either solved (no excess stack pressure) or secret.

TIMELINE (PUBLICLY DISCLOSED) ¢

safety tests raise sensitivity, manufacturing process control, multi-thousand-cycle prototype claims carry a capacity-fluctuation caveat.
the bar for every
WHAT WOULD SETTLE IT* architecture, incl. TIMELINE (PUBLICLY DISCLOSED) + 2026 2027 > _ 2027-28 > sel30
incumbent liquid Production start Precursor plant on line Premium EV deployment Mass production goal
Multi-layer pouch operation at <1 MPa over automotive cycle life - pressure uniformity across large cells
) _ . ) . 2024 2026 2027 <2030
formats - the same retention at automotive cell format as in coin cells. 20 Ah sulfide samples ¥ Solid-liquid mass production Sulfide small batch Sulfide scale goal
MARKET ENTRY Multi-partner supply chain Congruency check: statements vs. patent filings
Y Pply g y P g
Pairs: lowest measured operating / clamp pressure with accompanying cell-test data, one value per patent ARCHITECTURE N . . Sulflde.electrolyte producer, cathpde materllal supplier gnd equipment partners  >1 000 km and muItl-decade-!lfe claims are p.u.bllc, no cell-level cyclln-g at .
. _ . ; o o ot F ' Congruency check: statements vs. patent filings Third option bound in ahead of launch — the fixed-cost side of the direct path. specified rates has been published — patent filings show 1,000-cycle interfacial-
‘ﬂ‘af"r’ﬂﬁ‘% two iﬂd@p@ﬂdem ﬁ@&iﬁﬂmamg per class pmﬁadaimm E‘Ul@), Eﬂaﬂm“raﬁg@ bounds and Process pressures Public messaging and the patent portfolio align on the dual track, the headline A small halide / oxyhalide patent filing track — consistent with the cathode-side- resistance stability. A large oxide side-track is prominent in patent filings, for
excluded. @xid@—p@iymer C@WQQSET%‘S omitted: the ft‘wmmjeggméentﬁpg:@!icams threshold is not met at Opéi‘&ﬂﬂ@= Decision tags: m Decision 1 - m Decision 2 - m Decision 3 - F:\z{ed: [0V ):{l Decision 4 §9Iid-|iquid product’s underl.ying supramolgcular chemistry is visible in patent complement pattern of Decision 4 — is not featured publicly. which no public statements were identified.
= e S : . filings but absent from public communication.
pressure level. LG LGAR A 1A 8 Decision 5. ¢ = public-information anchor, references available.
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