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Development of High-temperature, High-pressure WIP Equipment for All-
solid-state Battery Manufacturing Processes
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Abstract

In the manufacturing process of all-solid-state batteries, pressure treatment is performed to form the interface
between the electrode active material and the electrolyte. Warm Isostatic Pressing (WIP) technology is expected
to be applied to the pressure treatment processes because it can isostatically pressurize target materials at
high temperatures and pressures. Kobe Steel has been researching the densification of all-solid-state battery
electrodes using WIP technology, aiming to adopt WIP technology in the all-solid-state battery manufacturing
process. The company is also developing equipment to perform WIP treatment at higher temperatures. This
study has revealed that a good electrode interface can be obtained by performing WIP treatment at a high
temperature and pressure. Furthermore, heating the pressure medium inside the high-pressure piping of the
WIP equipment has improved the variation in temperature distribution inside the pressure vessel. This paper
discusses the results of this research and equipment development.
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Fig.1 Comparison of pressurizing system about WIP ((a) Intensifier type, (b) Piston type)
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Table 1 Characteristics, advantages and challenges of each pressurizing system about WIP

Pressurizing system

Intensifier type

Piston type

Inner diameter

Medium to large

Small

Characteristic
Pressure level

Lower (600MPa or under)

High (over 600MPa)

Advantage

Suitable for large scale (diameter) WIP

Easy to make high temperature and
high pressure in pressure vessel

Challenge

Difficult to make high temperature and
prevent occurring temperature distribution

Not suitable for large scale (diameter) WIP
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Fig.2 CT (upper) and the categorized (lower) images of the composite electrodes. ((a) without WIP, (b) with WIP at RT, and (c) with WIP at 190C)
(NMC: green, SE: red, and voids/carbon/binder: black) The samples of (b) and (c) were pressed at 600 MPa for 1minutes.
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Table 2 Specifications of WIP equipment with high pressure
heat exchange

Maximum operating pressure 600 MPa
Maximum operating temperature 200°C
Maximum temperature of Oil bath 220°C

Pressure medium Hydraulic oil of high flash point

Diameter of working zone 120mm
Height of working zone 500 mm
Upper / +450mm
Thermocouple height Middle upper / +300mm

Middle lower / +150mm
lower / +50mm

(Thermocouple is inner work zone)
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Table 3 Experimental conditions of high pressure heat exchange

(a) Casel (b) Case2
Operating pressure (MPa) 600 600
Temperature of pressure medi.w.n inner 160 160
pressure vessel (before pressurizing) (°C)
Temperature of oil bath (°C) 60 200
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Fig.4 Operation chart of high pressure heat exchange test
() Oil bath 60T, (b) Oil bath 200T)
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