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Zeolite’ s Functions for New applications.

What is Synthetic Zeolite?

Also referred to as zeolite, it is an aluminosilicate that has a nano space within its crystalline structure.
The pore size is in A (Angstroms). By utilizing the space within the structure and the pore size,
it can function as an absorbent material and a molecular sieve.
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Zeolite Particles (Example)

Nakamura Choukou Co., Ltd. In collaboration with the University of Tokyo, developed an innovative production
process for "Nano-sized Zeolite" by utilizng the milling and recristallizing technology. The company succeeded
in low-cost production.

Itis possible to retain the original ability like absorption and other functions while reducing its particle diameter
as low as 50 nm.

Milling and Recrystallization
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A Practical Application of Technology H
Seeds from the University of Tokyo _ﬂ(,.;_.,:::.;,:_,.« ;, S
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Benefits of Changing to Nanoparticles

Particle Diameter the Particle Count

Microscopic 50 nm- Several Million Times

e Excellent for optical propert .
Y ® Fast absorption speed
e Smooth texture

® Can be used in narrow spaces e High activity

® Good dispersibility
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Moisture absorption
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Crysta"ine XRD Pattern /A-type zeolite phase

( High crystallinity )
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Moisture Absorption Speed

Hydrophilic

Linde type A (A-type zeolite)
Structure code : LTA

Unit cell composition :{Na [Al Si O,]-27H,0},

12748
Pore size: 4 A
Particle size : 50nm and more

Steam Absorption/Desorption Isotherm

( High absorption capacity )
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400 Increase in micropore exposure
Surface area expansion effect
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250 Water adsorption amount (g o/ g zoite)

Absorption Amount V/mi/g

Micro-sized 4A

200 Zeolite (50nm) 7
s RH(50) 0.26 0.28 1
RH(90) 0.27 0.35 1

10 #The water adsorption amounts are not guarantee values. _|

Absorption  Desorption Zeoal 4A(50nm)
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Relative Pressure  P/Po

Dispersion Properties

Approx. 7times
the absorption speed [
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Zeoale Hydrophilic Zeoale Hydrophobic

Particle Size Controlled According to Use [
® ' ¢
100nm under size Main Functions

Size control that maximizes the effect of nanoparticles o (o) of ZSM-5
micro nano Catalyst
5 ‘ VOC absorption ZSM-5 type Zeolite
Visibility Ultrafast absorbing (barrier) capability Structure code:MFI
(Transparency) + (Humidity, carbon dioxide, etc.) ‘ Unit cell composition:Na [Al Si,; .0,.,]*XH,0 D10 77

Particle size: 100nm or larger

‘ Pore size: =6A D50

D90
P SAR: 300&800
Example Appllcatlon *The particle size distribution is a number-size distribution.

Film kneading, as an additive to thin-film coating materials

*Values not guaranteed.

Crystalline XRD Pattern /mri zeolite phase Nitrogen Absorption/Desorption Isotherm

D10 ( High crystallinity ) ( High absorption capacity)
180
D50 160 Increase in micropore exposure
D90 140 Surface area expansion effect
*The particle size distribution is 3z Zeoal ZSM-5(100nm) 2 120 °
anumber-size distribution. & Peak area 5078 H
*Values not guaranteed. z > 100
g = 80
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Micro-sized ZSM-5 c 40 - -O- ZeoalZSM-5
. . o Peak area 5306, S 20 -o- -O- Micro-sized ZSM-5
Size control that avoids nano risk Bt Bt Dot SRS - =
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Absorption Speed

| 4x the speed |
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Mixing the two warms via absorption heat
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Masterbatch for Use in Films Film Prototype Made from Masterbatch

A high-dispersion compound created using our unique kneading technology. Prototype Example @ LDPE + 4A (50nm)
The functions of nano-sized zeolite are easier to use than ever.

Zeoale
Nano-sized Zeolite 30wt%
Amount of
/eoals
Film thickness
A high-dispersion compound 4.5 40-50pum
- 30wt% \

Film Evaluation

Zeoal Content

a
J

Nano-sized Zeolite Moisture absorption amount | Moisture absorption amount

31.2 1.0g/m? (theoretical value) 3.0g/m? (theoretical value)
Polyolefin Zeoal
PE PP e 10wt [ECK o
Hydrophilic 4A 50nm .
v 30 wt% ~30 -
Hydrophobic =5 100nm
* Reference values from the developed product. No(tngS)Ed 15933' d?iA d 353(0}3 I d?]A d
(Some specifications are different.) (10wt% added) (30wt% added)

Prototype Example @ LbPE + ZSM-5 (100nm)

A cloudy white color

MB Specification

Base resin LDPE

- Sl Amount of
¥ gl 0
- — o Zeoal added 30wt%
o i = Film thickness
MFR 2.0 40-50um
abl \
Film thickness: 0.15mm 30
—o

N
wv

Zeoal Content

Acetaldehyde concentration/ ppm
=
19;]

—6— Not added (LDPE)

N
o

——Z7SM-5 (10wt% added)

29.9

=
o

10 wt% 30.6

wv

Micro-sized Zeolite
Zecoale
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Time/h
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« Examples of Nano-sized Zeolite Applications Nano-sized Zeolite Z CcO a1®

Example Application o Transparent/absorbent film Example Application 9 Two-part adhesive
Barrier function + Absorption and Visibility fanction Improves stability of adhesive quality
Generated during hardenin ibi ee a
Barrier function that Repels gai ‘ Re?)elled ) ' C:}g . } hardelr?i?\'g reaction 'Z.eollte s effects . Nano ffects
repels smells and -y e Moisture €O, Gas  Byproduct A @ablhzes hardening reactloD
moisture outside the film Repels water\ij/ ylo 2

/ 4 Hardening agent Heatmg

added
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absorb moisture, CO,gas, and byproducts

ht\iéture Example Application () Lithium lon Battery Patent pending

- Moisture \e;\(},‘““_a_'ls_p ar eng,
Zeolite’s effects

Electronic component
packaging material

Gas/moisture absorbed

'
Quality preserved - Gas
: »
" g, 4
+ N Discharge Capacity Characteristics ACImpedance
105 20
. : =100
Nanoparticle effects 3 T o5 .
. Moisture < 90 i Not added
AR .- Provides transparency R gs N
Food packaging material Gas ey Z 80 T i~ N
£ 7s —~" Ll / AN
Conceptual diagram of Transparent Film Layer - S 70 : > \
- g 65 : ™
§ e o
555 e € Zcoale 2wt%
Example Application @) Sealing material Syeellet 50 :
Test Conditions 0 20 C4ge numbeb;(i») 80 100 -5 0 5 102 15 20 25
Cathode :LiCoO, / Anode :Gr v
T . . | i : h inglel i ibiti
Improved reliability of sealing function Voo e vy couhade) Single ayerce Inhibition of decrease Decrease in internal resistance
oltag » in discharge capacity
Discharge and charge conditions : 0.5C (30 mAh) CCCV/CC
Electrolytes : Tmol/L-LiPF + EC/DEC(1/1vol%) A 4 A 4
Temperature : 30°C . n " " "
Zeolite’s effect Additives :None / Zeoal 2wt% Lifetime extension Heat generation suppression
CONtE's eftects Nanoparticle effects When adding zeolite, inject after creating a 2wt% (/(EC/DEC)) dispersing liquid

Q Gas generated through
thermal reaction

Absorbs moisture + Adapts to narrow spaces Float Test Not added € Zcoals 2wt%

(residual/intruded) Hiah-d ity filli ibl
Igh-densi in ossible |
v g9 y filling p Cell volume amount After 350 hours -

(after 350hr)

wire corrosion
cracking

To prevent [

Not added
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IC sealing package cross-section Magnified Image of Sealing Resin [Igit=Iglo]g . =8
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53 ; A g swelling vol g
*.‘;{Eis?g'ﬁ: £ A Sealing package Hoa Heat Water P I g
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o \‘\}\ Water intrusion Semiconductor ch|p‘,-r g , ,,gn . 3
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W ® e Cellvol. 2
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Semiconductor
sealing package

-LCO/Gr, (single layer)
+1M-LiPFs + EC/DEC (1/1vol%)
+60°C

+4.45V-0.1mA (CV)

+-350hr
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Product Form List

Company Overview-Office Location

Powder

*The actual particle size may differ from the nominal value (D50).

30wt% X PE
24 wt% X PP

Masterbatch
compound

30wt% X PE
24 wt% X PP

45 wt% X Polyolefin

(low molecular weight)

45 wt% X Polyolefin

(low molecular weight)

| an sonm [N
m (Water, Toluene, MEK, other)

Company Outline

Headquarters Location 27-27 Tsurutacho, Nishi-ku, Sakai City, Osaka

Date Founded December 21, 1970
Representative President Makoto Inoue
Business Content + Development, manufacture, and distribution of diamond saw wire

+ Development, manufacture, and distribution of special high-precision parts and tools

+ Design, manufacture, and distribution of spinning nozzles for chemical fibers and
peripheral parts

£ JPX
25 rice" EEEvY—ZL8
JQA-QM3339 Ticker Symbol: 6166

JQA-EM1988

High-precision Equipment Business

Headquarters (MAC Center) Material Science Business

27-27 Tsurutacho, Nishi-ku, Sakai City, Osaka 593-8323
Management Division 072-274-0007 / FAX: 072-273-1250

High-precision Equipment Business/Material Science Business
072-274-0777 / FAX: 072-273-3313

Electronic Material Slice Periphery Business

2-1-3 Ayumino, Izumi City, Osaka-fu 594-1157

0725-53-2525 / FAX: 0725-53-3333

Chemical Fiber Spinning Nozzle Business

2-1-1 Murotani, Nishi-ku, Kobe City 651-2241
(In Kobe High-Tech Park)

078-991-6821 (Sales Representative) / FAX: 078-991-6833




