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"Solid-state batteries will reach mass

production in five years." Variations of

this statement have appeared in

industry presentations and technology

roadmaps for more than a decade. The

cynic sees a perpetually receding

horizon. The engineer sees something

different: the gap between laboratory

demonstration and factory-scale

manufacturing — a gap that liquid

lithium-ion took twenty years to close

— is being compressed in real time.

Over the past three years, the

conversation has shifted qualitatively.

It is no longer dominated by university

papers reporting coin-cell cycle data. It

is increasingly driven by pilot-line yield

numbers, equipment specifications,

and manufacturing process

parameters — the language of

industrialization, not discovery.

Chinese battery equipment and

materials companies are fielding

growing demand for solid-state pilot-

line equipment, glovebox-integrated

coating systems, and dry rooms

capable of sustaining the

environmental conditions that solid-

state processing requires. This guide

addresses what it takes to make solid-
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state batteries at scale — not whether they work.

Element 1: Why Solid-State Matters

Four structural advantages drive investment in solid-state battery technology. Each carries

manufacturing implications that are often glossed over in technology announcements.

Safety. Replacing a flammable organic liquid electrolyte with a non-flammable solid electrolyte

removes the fuel source for thermal runaway. The engineering reality is more nuanced. Sulfide

electrolytes react with moisture to release hydrogen sulfide — toxic at concentrations above 100

parts per million. Oxide electrolytes are chemically stable but brittle. Solid-state safety is not the

absence of hazards. It is a different set of hazards requiring different controls.

Energy density. A solid electrolyte that physically blocks lithium dendrite penetration enables the

use of a lithium metal anode — theoretical capacity 3,860 milliamp-hours per gram, versus 372

for graphite. The engineering reality: lithium dendrites can still grow along grain boundaries in

solid electrolytes. Suppressing them requires interfacial engineering — coatings, interlayers,

pressure application — that add process complexity and cost.

Wide temperature operation. Certain sulfide electrolytes maintain high ionic conductivity at

temperatures where liquid electrolytes freeze or become sluggish, simplifying thermal

management at the pack level. The manufacturing tradeoff: maintaining the dry-room conditions

that sulfides demand while controlling temperature across entire production lines is an HVAC

challenge at factory scale.

System-level simplification. Inherently safer cells require less protective structure at the pack

level, improving system-level energy density. Bipolar stacking — where cells are stacked in series

within a single housing — further improves pack efficiency. These benefits appear in cost

models, not in laboratory data.

Element 2: Three Electrolyte Routes

Three solid electrolyte families dominate development. They demand fundamentally different

manufacturing approaches.

Oxide electrolytes — LLZO and LATP (https://www.tobmachine.com/latp-powder-lithium-

aluminum-titanium-phosphate-solid-electrolytes_p1020.html) are the leading candidates — offer

excellent chemical stability and a wide electrochemical window. They are stable against lithium

metal and tolerate high-voltage cathodes. Their room-temperature ionic conductivity, typically

10⁻⁴ to 10⁻³ siemens per centimeter, approaches that of liquid electrolytes. The manufacturing

challenge: oxides are ceramics. They require sintering at temperatures exceeding 1,000 degrees

Celsius to achieve the density needed for ionic conduction. During sintering, the electrolyte and

cathode materials react at their interface, forming high-impedance secondary phases. Reducing

sintering temperature — through sintering aids, nanoparticles, or alternative processing routes

— is the central manufacturing problem for the oxide route. A separate challenge is mechanical:
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thin, dense ceramic sheets are brittle. Producing electrolyte layers below 50 microns —

necessary for competitive energy density — while maintaining mechanical integrity during cell

assembly is an unsolved manufacturing problem at production scale.

Sulfide electrolytes (https://www.tobmachine.com/lithium-phosphorus-sulfur-chloride-lpscl-

powder_p1364.html) — the LGPS family and argyrodites like Li₆PS₅Cl — achieve room-

temperature ionic conductivity exceeding 10⁻² siemens per centimeter. This is higher than liquid

electrolytes. Sulfides are mechanically soft and can be densified by cold pressing rather than

high-temperature sintering. This is a profound manufacturing advantage: no thousand-degree

furnaces, no co-sintering interface reactions. The tradeoff is extreme moisture sensitivity.

Sulfides react irreversibly with water, releasing H₂S. The entire manufacturing chain — mixing,

coating, assembly — must operate at dew points of -50 degrees Celsius or below. At -50°C dew

point, the air in the dry room contains less moisture than a single operator's exhaled breath.

One person entering without following airlock protocol can raise the dew point by 10 degrees in

under a minute — and every exposed sulfide electrolyte batch becomes scrap. The dry room

infrastructure for sulfide processing is not an incremental upgrade from a lithium-ion dry room.

It is a different class of facility. TOB NEW ENERGY, whose Xiamen facility includes dry rooms with

demonstrated dew point control at -50°C, is among the integrated equipment suppliers with the

environmental infrastructure that sulfide processing demands.

Polymer electrolytes — PEO-based systems are the most developed — offer the simplest

manufacturing path. PEO and lithium salt solutions can be coated on existing roll-to-roll

equipment with minor modifications. No thousand-degree sintering. No minus-50 dry rooms.

The tradeoff: PEO's room-temperature ionic conductivity is 10⁻⁶ to 10⁻⁵ siemens per centimeter

— two to three orders of magnitude below liquid electrolytes. Polymer solid-state cells typically

require operating temperatures of 60 to 80 degrees Celsius to deliver usable power. This limits

their application to stationary storage and niche industrial uses. Composite electrolytes — PEO

blended with inorganic fillers like LLZO nanoparticles — improve room-temperature conductivity

into the 10⁻⁴ range, narrowing the gap.

Element 3: Manufacturing Reality by Route

The oxide route's manufacturing bottleneck is the sintering step. A tunnel kiln processing solid-

state cells at over 1,000 degrees Celsius consumes megawatts of power and represents tens of

millions of dollars in capital for a gigawatt-hour-scale factory. The co-sintering interface reaction

problem has no complete solution — current mitigation strategies include cathode surface

coatings applied by sol-gel or sputtering, adding process steps and cost.

The sulfide route's manufacturing bottleneck is the dry room

(https://www.tobmachine.com/drying-room-for-lithium-ion-battery-laboratory_p1373.html).

Maintaining minus-50 to minus-60 degrees Celsius dew point across a production-scale facility —

with material entry and exit airlocks, personnel airlocks, and the associated dehumidification

equipment — represents a capital and operating cost that can exceed the coating and assembly

equipment itself. Additionally, sulfides are incompatible with the standard NMP/PVDF slurry
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system. They require non-polar solvents — toluene, xylene, heptane — and compatible binders,

meaning the entire coating and solvent recovery system must be designed for a new chemistry.

For companies evaluating equipment suppliers for solid-state sulfide manufacturing, the

presence or absence of this dry-room infrastructure is a binary filter: a supplier either can

process sulfides or cannot.

The polymer route's manufacturing bottleneck is performance, not manufacturing. The

equipment exists. The process is understood. The cells work — at 60 degrees Celsius. For

applications that can accept elevated operating temperature, polymer solid-state batteries are

the nearest-term manufacturing reality. For automotive and consumer electronics — where

room-temperature operation is non-negotiable — polymer electrolytes require composite

formulations that are still in development.

Element 4: Equipment Requirements — A Different Machine Set

Solid-state battery manufacturing does not use the same equipment as lithium-ion

manufacturing with minor modifications. It requires fundamentally different machines for

several critical steps.

Dry rooms for sulfide processing demand dew points 10 to 20 degrees lower than the best

lithium-ion dry rooms. The energy cost of removing that additional moisture is not linear — it is

exponential. Each additional degree of dew point depression requires disproportionately more

refrigeration capacity as the air's moisture content approaches zero.

Pressure-controlled stacking replaces conventional stacking or winding. In a liquid cell, the

electrolyte fills the gaps between electrode and separator. In a solid-state cell, the interface is

solid-solid. External pressure — uniform across the entire electrode area — is required to

maintain interfacial contact. Too little pressure produces high interfacial impedance. Too much

pressure cracks ceramic electrolytes. The stacking equipment for solid-state cells must apply and

maintain precise pressure — a requirement that liquid-cell stacking equipment does not

address.

Lithium metal anode processing introduces an entirely new material handling challenge. Lithium

foil — typically 20 to 50 microns thick — is soft, sticky, and reactive. It cannot be handled with the

same rollers, tension control systems, and cutting mechanisms used for copper and aluminum

foil. Anode-free designs — where lithium metal is plated in situ during the first charge —

eliminate lithium foil handling but transfer the manufacturing challenge to the formation step,

which must achieve uniform lithium plating across the entire electrode area under precisely

controlled pressure and current density.

Coating and deposition equipment diverges by electrolyte route. Sulfide slurry coating requires

non-polar solvent-compatible coating heads, sealed drying systems, and solvent recovery for

organic solvents — a different engineering specification from NMP-based coating. Oxide

electrolyte deposition may use vapor-phase methods — CVD, PVD — borrowed from the



semiconductor industry, not the battery industry. These are fundamentally different

manufacturing platforms with different cost structures and throughput capabilities.

Element 5: Partnering for Industrialization

The companies and institutions that will successfully industrialize solid-state battery technology

are those that can close the loop between materials development and manufacturing

engineering — because in solid-state, these are the same problem.

The "university fundamental research plus enterprise engineering implementation" model that

has proven effective in lithium-ion is even more critical for solid-state. The materials challenges

— interface stability, dendrite suppression, electrolyte processing — require the fundamental

understanding that academic laboratories provide. The manufacturing challenges — dry room

engineering, pressure-controlled stacking, lithium metal handling — require the production-floor

experience that equipment manufacturers possess. Neither can solve the problem alone.

A joint university-enterprise laboratory (https://www.tobmachine.com/tob-new-energy-reaches-

strategic-cooperation-with-central-south-university_n764) between TOB NEW ENERGY and

Central South University's solid-state battery research group operates on this principle.

University research on electrolyte materials and interface mechanisms informs equipment

design and process development. Pilot-line data on manufacturability feeds back into the

university's research direction. This is not a sponsorship arrangement. It is a working

engineering collaboration — one of several such partnerships in China's battery research

ecosystem that connect academic discovery to industrial implementation.

Element 6: Realistic Timelines

The industrialization of solid-state battery technology will not be a single breakthrough event. It

will be a series of engineering problems solved sequentially over years.

Polymer-based and polymer-composite solid-state cells are entering niche non-automotive

markets now — stationary storage, industrial equipment, applications where elevated operating

temperature is acceptable. These deployments are generating the manufacturing experience

that will inform the next generation.

Sulfide-based automotive-grade cells are on a trajectory toward initial production in the 2027 to

2028 timeframe, consistent with timelines published by Toyota, Samsung SDI, and CATL. The

manufacturing infrastructure — dry rooms, non-polar solvent coating lines, lithium metal

handling systems — is being built now. The cells that will roll off those lines in 2028 are being

prototyped on pilot equipment today.

Oxide-based all-solid-state cells, which must solve both the sintering and mechanical integrity

challenges, are positioned for initial production beyond 2028. Semi-solid approaches — oxide

electrolytes combined with small amounts of liquid electrolyte — may reach the market earlier

as a bridging technology.
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For battery manufacturers and investors, the correct posture today is not to bet on which

electrolyte route will "win." It is to begin accumulating manufacturing data on the route that

matches your application — at pilot scale, on production-representative equipment, with your

target cell design. The company that starts this in 2026 will have three years of manufacturing

learning when the market opens. The company that waits for the technology to be "proven" will

enter three years behind.

Solid-State Battery Manufacturing Summary: Solid-state batteries replace flammable liquid

electrolytes with solid electrolytes, enabling lithium metal anodes and intrinsically safer cells.

Three electrolyte routes dominate: oxides requiring high-temperature sintering, sulfides

demanding extreme dry-room conditions at minus-50 to minus-60 degrees Celsius dew point,

and polymers offering the simplest manufacturing path at the cost of room-temperature

performance. Manufacturing solid-state cells requires fundamentally different equipment —

pressure-controlled stacking for solid-solid interfaces, lithium metal handling systems, and

coating equipment compatible with non-polar solvent systems. The industrialization timeline is

route-dependent, with polymer-composite cells entering niche markets now, sulfide automotive

cells targeting 2027 to 2028, and oxide all-solid-state cells positioned beyond 2028. Successful

partnerships depend on integrating materials science with manufacturing engineering — a

capability that the university-enterprise collaborative model, as exemplified by TOB NEW

ENERGY's joint laboratory with Central South University, is specifically designed to provide.
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