COTMEASUREMENT

FECRPD CNT REAIE

Measurement of CNTs length in dispersion
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We have established a method to measure the dispersion and length of CNTs without damaging the CNTs and

difficult operations. The dispersion used is a very small amount, only a few [mL], and the CNTs can be kept
spread without agglomeration by dropping the dispersion onto a smooth plate and allowing it to dry.
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Length measurement of in-house CNT dispersion
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FE-SEM image Histogram of CNT bundle length
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A histogram of the length of CNT bundles was created by FE-SEM observing the CNT dispersion.
It can be seen that long CNT are dispersed in the liquid while maintaining their length.
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RECYCLED BESIN
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CNT recycled resin  Performance comparison
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The degradation of physical properties during the recycling process can be an issue for recycled resins, but
adding CNTs improves their performance compared to when they are in their pure state.
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Features of recycled resin with Carbon Fly’s CNTs
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Significant improvement in physical properties by adding 0.1 wt% of Carbon Fly’s CNTs to recycled resin

O BEMICAH—RY TS/ HINTZRINT BT ET, Pure PPEREIFIU LD E5EFHE

Achievement of performance equivalent to or better than Pure PP by adding Carbon Fly’s CNTs to recycled resin
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Able to compound regardless of resin type
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THERMAL INTERFACE MATERIAL

TIM FB CNTPAD

CNT PAD for TIM
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*IBER{E - >3000W/m K
The TIM formed with vertically aligned CNTs exhibits the inherent thermal conductivity of CNTs. The height is adjustable
and the curtain can be made to stand on its own without the need for adhesive. *Theoretical Value : >3000W/m * K
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Heat Spreader
Semiconductor chip

CNTs-TIM Flip-chip assembly
Substrate
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Heating source
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Vertically Aligned CNT
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substrate
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Precise control of CNT material
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Self adhesive from intermolecular forces Free-stranding film without adhesive
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COATED OPTICAL FIBER SENSOR
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CNTs-Coated Optical Fiber Sensor applicable for extreme environment
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Heat resistance
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Flexibility and high strength Remote Measurement
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Strength level equivalent to T300 carbon fiber 4 ‘C‘N:F_H.E EBE?E‘I’;EIJEIEE
CNT HELC J: % Hﬂ ‘fﬁfg@rﬁ]t Remote measurement is possible even

I ) at a distance of several kilometers
Improved bending strength by CNTs coating 7IE 7 /r l \ t / -Ij- T
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Multi-point measurement and reduced wiring
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No electromagnetic noise due
to using optical fiber.
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Wind power generation
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Oil Plant

Thermal power plant 1272
Infrastructure
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HIGH PERFORMANCE RESIN
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High concentration CNT composites resin  Performance comparison
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This technology allows for the addition of high concentrations of CNTs to PA6. Conventionally, CNTs are often
added as fillers in the range of 1-2 wt%, but with this technology, it is possible to mix as much as 10 wt%
uniformly without clumping. This dramatically improves strength and electrical conductivity. This technology is

for high-value-added products.
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Features of High concentration CNT composites resin

O PAGACNT%Z, RINTBIETERLANIVDEEMZ S

By adding CNTs to PAG6, it is possible to give it metal-level conductivity

© PAGRIAE & LEANT, CNTAINEIRS I3 R MIE, 258 ZRIR

Compared to PA6 resin, CNT composites resin provides higher rigidity and strength

© ZHIRFALETEET, CNTO0.1 wt%DFHIRTEHPure PA6ELEELT \—)

NEFE. SEERAOEREZA LTSI ENTTEE
It can also be diluted, and even at a dilution of 0.1 wt % CNTs,
itis possible to improve both mechanical properties and electrical conductivity compared to pure PA6
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COATING MATERIAL / PAINT
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CNT Coating material / Paint Performance comparison

C(NTZa—-74 VTR ELTRES T LT, MEFHN - BEt - WARZRLL, RROFRZRA LT LS EHBAFHES,
ZOftt, BEMPEEANDZTICLZ2EEMMNELEDERTHEMEE,
Using CNTs as a coating agent is expected to improve abrasion resistance, sliding properties, and durability, and

therefore the lifespan of products. It can also be used for other purposes, such as imparting conductivity by
coating structural materials and fibers.
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Applications
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FLEXIBLE SURFACE HERTER

CNT e—%2—0D%FE

Features of CNT heaters

TAIVLIKROCNTISBEMHATETETE—2—¢,LTESTEDNTES, EH00uML T TELTESHWIL

F7IVe—2—T,. —BRHGEEBHEL— 2 —TEEHNELHERBEFICKBMBELHEL, £, BBREHNEL

MEETHEEMNICIGECETREN LN, ERETZLIARITEASHREEBREICENTVS,
Film-like CNTs can be used as a heater by applying electricity to it. It is a thin, soft, flexible heater with a
thickness of less than 100um, and does not break due to metal fatigue, which is common with general metal

wire heaters. In addition, it has a small heat capacity, and its temperature rises to nearly 100° Cin about 1
second, and it cools down rapidly when the power is turned off, so it has excellent temperature tracking.

—MRGEMR 2 1T CNIFTEI VN =l
Hot wire type CNT film heater

CNT100% 74 VL TH—GREE TR,
Uniform heat generation confirmed with the 100% CNT film.

CNTZA VLA R BRfEE BICRET R, INTTILLADBHPEEEED R E.
Both the size and resistance of the CNT film can be adjusted. The CNT film’s number of layers and lamination
structure can be designed as needed.
TLF YIS IAFEICERERTHE,

It is flexible and can be installed on three-dimensional.

Applications

>
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clothing heated toilet seat
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RUBBER
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CNT rubber Performance comparison

CNTZZ7vRIL (FKM) IEZB T LT 5IREEZA LS, ¥— MERIBNEBBZ T EHTDS

It can be seen that adding CNTs to fluororubber (FKM) improves tensile strength and reduces sheet resistance.
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Features of CNT rubber

O ERHOBREREHCNTIE, HwtoeDRIIT3 [EREDE LHTHE

Significant improvement of tensile strength with just a few wt% added CNTs due to CF’s long and high-quality CNTs

O EBEMTH B ILICEERE[MET ST EHATHE

Conductivity can be imparted to rubber, which is insulating material

O BMDEEZREH I BEN e (B

Blending with CNTs is possible regardless of the hardness of base material (Negotiable)

O CERITDEE(LHERICT. 300°CT5I3RBE/HRU/NRICE(LHEN T & ZHER
FKMiHERE230°CH 5 70°C O ER %M k% RIF

In a thermal aging test conducted at CERI, we confirmed that there were no changes in tensile strength,
elongation, or appearance at 300° C. This achievement enhances the heat resistance of FKM from 230° C to 300°C,
an improvement of 70° C

Applications

X ANT7HIL #EH O-ring
Conveyor rubber Equipment O-ring
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CNT Compound Performance comparison

AR BMBIEICINTZ 7 S —ELTRMT 5T LT 5RMMER, 5IRBEZ LITHT LN A8, —RINGT,5
—(B1:2)V7)DFMTIE, FIRBIZFOT HIFETLTLESH, SHNTRRDERMTIIRKIZFO T HbELEE
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By adding CNTs as a filler to thermoplastic resin, it is possible to increase the tensile modulus and tensile
strength. When a general filler (e.g. talc) is added, the tensile breaking strain decreases, but our CNTs can
improve the tensile breaking strain by adding a small amount.
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’ ’ Our CNTs can be used for anti-static purposes.
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CNT monofilament Performance comparison

PA6E/ 745XV MeCNTZRMT BT LT IR, MK ISREE. WAV T H%Z LIFBTEDREE,

Adding CNTs to PA6 monofilament can increase tensile strength, fiber tensile strength, and Fracture strain.
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CyFT STRUCTURAL MATERIALS

CyFT (CNT 7 - JU s+ R EEAEHE +15808)

CyFT (CNT Film+Carbon fiber+-Resin)

ERDERMHEELCNT T IVLZHIFEDEB T LICLY, INTOBELFH
e RARICEDN LRFRMEDEZHN—LEERBRNCTYYFTYT
L%, FAW=50~200g C{EBREH "),

By combining conventional carbon fiber with CNT film,this next-generation
hybrid prepreg makes the most of the lightness and toughness of CNTs

while covering the brittleness of carbon fiber.
Production record : FAW=50-200g

INTVYFFTIVTLT REBHETITLI
CNT Hybrid Prepreg Carbon Fiber Prepreg
________
__ J——— o_ — e — I —
_o hd
B || 2 EmTE e neNE |
strucure N ——— I
————— CNTs CNTE#EL UD-CFDH
I UD-CF(FAW1009) I UD-CF(FAW100g)
TIAE(R) 12 12
Ply
FEEH(mm) 1.24 1.06
Average Thickness
W E
Molding Method Press Press
Az E(MPa)
Molding Pressu: 5 5
#hF 8 E(MP
Flexural Str(engtha) 2 3 2 1 1 945
BT (GPa) 146.5 123
Elastic Modulus

T —RIFTREVHEREZEFER

The data is based on the use of epoxy resin

Applications
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Motorcycle body Drone Small sat
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CONDUCTIVE PASTE

LiB [1l7 CNT EEBhAI

CNT Conductive Paste for Lithium-ion battery

HHCNTEZBHAIL, 5RE (RR+GE&E+RIBN) TLERNTLRVEEHORBEH AR, JAMZMADDSW CNT
KT 5 MHRZRELET, KR -BRHRODBRZLELIHOTEY., FEERMHRELTVET,

Our CNT conductive paste of high quality (long + high crystallinity + high dispersibility) can achieve high conductivity even

with a small amount added. It achieves performance comparable to SW CNT while keeping costs down. We handle both
water-based and solvent-based dispersions and possess dispersion technology

»

o ER CNT 3 EE'E’J%'JU){QEU The role of long CNT conductive paste
PRVEBNRICKYFEMEDF BRENEKX

Long conductive paths increase the utilization rate of active material utilization

)V EBORMEDERNFEICH D BE/NAMHRIC L ZEMEM L Z M
Suppresses the isolation of active material due to the break in the conductive path caused
by the expansion and contraction of the silicon anode during charging and discharging

<V a7 &i%E FE-SEM{&
CNT*QW'%IEIJ:tE CNT powder - Product comparison 1 P-4 T "W s AN > -
A—H— (%) RE(um) BZ(nm) RELERODLE
Manufacturer purity (%) length (um) diameter (nm) Length to diameter ratio
o SRS >99.8 | 100~1000 | 6~10 | >#110000f%
ur company (multi layer)
AtL(RE) >82.0 >5 16404 | >#52500f8
company A (single layer)
BECNT 0.5wt% H#CNT(Z/8) 0.5wt%
o = . . single layer multi layer
9 le E:FMF%@J Lib evaluation result example
FSURE © 45°C 1C/ 1CFRMEY 1 7 )VFHh
1.0C/1.0C 171V @ 45°C
BB PAN:i% 7)1
Capacity Retention ADCR
Rl H1oIVA 1004 1%7)VE 1H17)VE 1004 1%7)VE
Sample 1st Cycle 100 Cycle 1st Cycle 100 Cycle
BE BEEL BE rEXEL i) ABIEIL i AEIREAL
Capacity (mAh) Retention (%) Capacity (mAh) Retention (%) DCR (Q) /ADCR (%) DCR (Q) /ADCR (%)
Carbonfly 39.0 100 30.0 771 1.8 0 2.3 25.6
SWCNT-A 40.5 100 35.6 87.9 1.8 0 2.1 20.5
SWCNT-B 34.9 100 45 12.9 2.1 0 6.0 185.5
MWCNT-C 325 100 23 7.0 2.0 0 6.4 223.0

PER by THEED SWCNT &R U TRIRIE TIF IS EHEFE

Compared to the industry's top-performing SW CNT, the same properties are achieved at the same loading amount
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