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Dry electrode fabrication is considered a crucial next-generation process for secondary batteries because it eliminates the
need for solvents and drying steps, significantly reducing energy consumption and carbon emissions. To achieve optimal
performance in dry electrodes, it is essential to ensure high mechanical stability and electrical conductivity. These properties
can be enhanced by controlling binder fibrillation and creating a continuous conductive network through the uniform
dispersion of conductive additives. In this study, we applied mechanical shear mixing as a pre-treatment to electrode
powders, which included active materials, conductive agents, and binders. We systematically investigated variations in
electrical conductivity, binding structure, tensile properties, internal resistance (via IR drop), and fast-charging performance
as a function of the mixing shear rate. In particular, we quantified the binder fibrillation behavior and the dispersion of
conductive agents that occur simultaneously during mixing. By correlating these factors with the physical and
electrochemical properties of the final electrode film, we propose design guidelines to optimize the mixing pre-treatment

process.

1. ME
71 A5 & H(Electric Vehicle, EV)2] SEa§A 2] A%t thE o

U #] A& A|2Hl(Energy Storage System, ESS)2] 4=Q Ztjjo]
w2}, 2E-0]& ZX|(Lithium-ion Battery, LIB)2] ofju{X] W&

WA Lol e Hasksn BEY o

Al
[e]
TS 27X 7]= Fuk H=(Thick Electrode) A A1S ©9lst=

Copyright © The Korean Society for Precision Engineering

Manuscript received: February 5, 2026 / Revised: February 11, 2026 / Accepted: February 18, 2026

AoleH{1,2].

I8y 71E9] £uf 7HF 54 ZH(Solvent-based Wet
Coating) 374> A= FA7F S71d5 Az oA &f
o] w2 vilY wo] 18|o] A (Binder Migration) &/4o|
Bel= AR Q] EAO| AHITH34]. o= A= FA W
RO E4rdst vRely ExE Zeiste] 7|AA ¥elE 4
I A7IA HE/AE oIt E3, 54 8l
methyl-2-pyrrolidone (NMP)2] AR&-3} o]& 7Ax U 3F4=3l=
S AA A= Az AR 9] A s ARk S A,

o]

fE

o jo ox

Z

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.026.00009&domain=pdf&date_stamp=2026-06-01

636 / June 2026

_\'E,_L;
Ol

> L

b 524 £ AE =S58 f8l, SiE 2] vl
Z1=-(Solvent-free Dry Electrode) A= 7|&0] XAT)
9o 2 geH7). A4 A gl AA

2
S 0w

Ol
o
:

r -4
B
4o u

ke 712731 QItHs5,6].
[e]

o oy

okl 4
"
o

aEdE —ﬁHﬁFﬂ W obue, uto] 1)
= Px]s}oq 5 ZoJAE FU3 1]

ol
)
=t & 74 % T = e

d
o

o
[e]

o E
R =

OH
o o2

S~
RO
N

o

o
Ol
o

e
2
HUNTT

=

=

)
Y
o

[T
K
O

f
g
=
OO
T o

ok

418 Poly-(tetrafluoroethylene)
$-3}(Fibrillation) A &
row PTFE HlQlE= wlA] 4
SR QRS Ee¥oez
A ATS 3} A2

| A= HEYA FA4el

o lo
o

10 ox
mlﬁ_l

PTFE) w1
o}~ o gk 7174

)
ut)
)
filo
y

b4

okt
$£
HLI
o °>~ e
i‘l
oSk o
mﬁ.:g“
e
<
i
rll:l: b
= X
lm%;

1)

hly
1o
T
o
)
4z
[}
do
N
j; J

HaeliAe A= 2E AF(Film
Formation) T4 ] OkA], 34 O_] )2 (T=A, THA, viely) &
e AL A 9 Eddekal veldE A-s] dhskshe
2| (Pre-treatment) F4o] Fastch. M AFo|AL F2
GRAPES 0] 835 4=2F¢](Mortar  Grinding)[10], £-4(Ball-
mill)[11], AE-(Jet-mill)[12], ¥+=7](Kneader)[8], T= 23
= =7 (Screw Extruder)[13] 52 &-83}o] 7o) AetelS
A7l oL, o]yt WIS QlvtEl: Atk of 4 Z|(Shear
Energy)2 A O & AoJsly] ojPul= A7) Yt B=
o AgEe BREs daste ols) A3 1A ergae
AAA BE 4P B ok uhY, BEdt v
PTFE 4o At ew 843 mdze] deg 3
(Aggregation)2 §aslo] 2= ¢Julel

2 2-geici14]. o)zt

7] 9aiHs Anteln A
i, ol vz o AUt B A 34 Alof 7ise &
Ho] A3 Aot

B AolAE A4 AHES AojE 4 A= n& A
ZF2| (High-speed Shear Mixer)S E=431o], 741 A= A|
3

5 Bk Axjg] Hd Z2EZS Aokt Aoz,
, =AY, PTFE BROIE & LAE Aol thato] &3 A
At A, A7h=ElE AhE(Shear Rate)yS A|o] W2 vl
MR8 et TS BARES 2 -3stqlct. o, 1

[N TN
@ rlo Mo ol rlor

o ko do o
-0,

3 FARThE Hol BAolth 94 24 FHoxe F
A A}& 1] 7 (Scanning Electron Microscopy, SEM)2 2-8-3}0
19 Wslol| w2 PTFE uielE|e] 443l FAkal A alA
T4 aAES Bl AMIE AR o g H2bslgal, 71 A4R
J W12 o3| mpo]ZE QA AL wolsle] M WEo]

@ Active Mater.
: @ Carbon Black

® PTFE

Poyvder phase

Fig. 1 Schematics of the dry electrode fabrication process. (a) High-
shear pre-treatment inducing PTFE fibrillation and carbon
dispersion, (b) Electrode film formation using a heated 2-roll
mill. Optical images of (c) the composite powder and (d) the
fabricated electrode film
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Fig. 2 Cross-sectional SEM images of dry electrodes subjected to
powder pre-treatment at shear rates of (a) 1360, (b) 2720, (c)
4080, and (d) 9520 s™' (with processing time of 1,000 sec)
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Fig. 3 Top-view SEM images of dry electrodes subjected to powder
pre-treatment at shear rates of (a) 2720, (b) 4080, and (c)
9520 s! (with processing time of 1,000 sec)
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Fig. 4 Mechanical and electrical properties of dry electrode films
prepared at different shear rates, (a) Stress-strain curves
obtained from tensile testing, (b) Ultimate tensile strength
(UTS) and strain at UTS plotted as a function of shear rate,
and (c) Electronic conductivity of the electrode films
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Fig. 5 Electrochemical performance of dry electrodes prepared at

different shear rates. Rate capability at various C-rates
ranging from 0.1 to 0.3 C in terms of (a) areal capacity
(mAh/cm?) and (b) specific capacity (mAh/g). Galvanostatic
charge-discharge profiles at (c) 0.1 and (d) 0.3 C

Table 1 Comparison of key parameters of the dry electrodes

Sample A (272057 B (4080 s™) C (6800 s™)
Loading mass 62.98 68.50 61.52
[mg/cm?]
Thickness 301 268 300
[pm]
Density 1.94 256 2.05
[g/cc]
IR Drop
203 C[V] 0.126 0.154 0.280
Resistance
O] 4622 52.1 105.4
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