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Dryer Model & Assumptions

Process properties

Anode

Separator

Cathode

Graphite, Carbon Black, …

NMC, LFP, NCA …

CMC, SBR, SA …

PE, PP, PL, PET …

PVDF, CMC, SBR …
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Sample: Anode

Solvent: EC

Process parameters:

𝑝 = 700 mbar
𝑇 = 40 °C 

Lab-scale thermal drying model developed   

Transition to a real-application thermal drying model – a parameter study   

Key challenges 

➢ Material cost and shortage

➢ Recovery rates by legislation

Global number 

of e-cars [1]
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Mass transport in the 

external gas phase1

Mass transport in 

the porous network

Mass transport in 

absorbing materials

≈    
vol%

Share on cell level 

➢ Hazard of health damage, 

fire, explosion, … 

Electrolyte  

Key electrolyte solvents
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Boiling temperature 

𝑇𝐵 / °C

➢ Adverse effects 

on various 

downstream 

processes
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Mechanical-hydrometallurgical 

Recycling

Safety EfficiencySimplicity

Mechanical direct Recycling

Current collectors, 

cell casings 

Active Material

Cathode / Anode

δi,eff = 𝑓(𝑇, 𝑝, 𝜀, 𝜏, 𝑑𝑝𝑜𝑟𝑒)

D𝑖,𝑗 = 𝑓(𝑇, 𝑋𝑆𝑜𝑙𝑣𝑒𝑛𝑡)

𝛽i,g = 𝑓(𝑅𝑒, 𝑆ℎ𝑖)

N2

EC

defined p, T

• Mass transport model

• Validation through 

experiments in a 

magnetic suspension 

balance

Motivation Components

Recycling Mass transport

Material properties

Vacuum dryer batch process
Feed N2

N2 + EC

Dry material

q

Dry 
material

Convection dryer
batch process

N2

Feed
N2 + EC

q

Default parameters

Conv. Vac.

p / mbar 1000 50

T / °C 40 40

YEC,in / - 0 0

sgt* / s-1 0.1 0.002

αg / W m-2 K-1 150 20

αw / W m-2 K-1 20 200

wbr* / - 0.1 0.5

*sgt: specific gas throughput

sgt =
ሶ𝑚𝑁2

𝑚𝑠𝑜𝑙𝑖𝑑𝑠

*wbr: wall-bulk-ratio

wbr =
𝜏𝑤𝑎𝑙𝑙

𝜏𝑏𝑢𝑙𝑘

Mass transfer 

monodirectional

Mass transfer 

bidirectional

Separator Anode

• Virgin battery material

• Steady-state process

• αgas, αwall pre-defined (depending on dryer)

• βi,gas through Lewis-analogy with n = 1/3

• Single component solvent

• No capillary transport

• 1st, 2nd drying stage

δi,eff = 𝑓(𝑇, 𝑝, 𝜀, 𝜏, 𝑑𝑝𝑜𝑟𝑒)

𝛽i,g = 𝑓(𝐿𝑒, 𝑛)
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➢ Serial connection of 

mass transfer resis-

tances

➢ Within sample,

➢ Surface  

Identified critical

process and 

material properties

Highly flexible model 

for different dryer

setups

Achievements

Next Steps

Experimental setup

Magnetic 

suspension 

balance

x
(t

)

if M[i] >= M_LM_ 

pore_max:

float(M[i] - t_step * 

A_sample*co.molar_m

ass(solvent)

Validation through existing 

industrial dryers

Multicomponent 

system
90 µm20 µm

dpore, average ≈ 0.2 µm, dpore, average ≈ 1 µm,

separator anode, 

cathode
<

If possible: separate

material before drying

Ɛ ≈ 40 % Ɛ ≈ 35 %

Pore size:

only minor

effects on 

drying time at 

small pore 

diameters

Effect of 

Knudsen-

diffusion in 

small pores! 

[3-5]

[2-4]

p ↓ ,  T ↑

timedry ↓

Cooperation with industry,

get economical data

1 Thin Film Technology (TFT), Karlsruhe Institute of Technology (KIT), Karlsruhe
2 Material Research Center for Energy Systems (MZE), Karlsruhe

sgt ↓sgt ↑

sep.sep.

dp↓ dp↓

Instructions on drying procedure  

T ↓T ↑ p ↓ p ↑

Temperature limitation:  T < 60 °C 

Unwanted decomposition reactions

Feasibility of different process conditions?

www.tft.kit.edu

*IEA prediction

timedry timedry

Recycling in 

Circular economyManufacturing
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Achievements

෤𝑦𝑖𝑛𝑓

෤𝑦𝑝ℎ

𝑠𝑔𝑡→0
1

Transport 

limitation
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