The development of Insoluble CNT Anode
for Electroplating Using ARIP

Woo Chul Jung
RIST, wcjung@rist.re.kr

X = w o
e —— S - Al

-

T :CIoba'I': RIZ Conference 2013 | www.koreatrizcon.kr

_ Seoul'Trade Exhibition & Convention, Seoul, Korea | July 09-11, 2013




P10

Problem Issue

[Development of Anode for Electroplating Process using CNT coating layer]

@® The anode is dissolved by electrochemical reaction at electroplating process
- Insoluble anode required
(1) Platinum-based anode used in order to prevent dissolution (Useful) /conventional method
(2) Platinum elements are very expensive (Cost up) : (harmful)

% IrO2 price: more than 1200$/0z , manufacturing process is repeated more than 40 times (brushing), Curing temp: >650C

The anode should not be used platinum element and dissolution
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P10

Problem Issue

DC power . prOblem |$$ue H
Supply

= Electroplating anode should not be use platinum elements.

Ne- Ne-
1 - The fabrication process is simple rather than conventional process
Anode cathode |3 - Need Long life time (more than 6month, currently 2~4month)
lonic Transport ‘ \
Electrolyte
(RisHo4) /

Electropla{ed Metal

Replace the required electrical and chemical properties of the platinum

Conventional method for solving problem
- Using the Lead (Pb) anode - Environmental problems caused
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Problem Define P10

Using the Platinum-based elenent(irO,) coating layer (about 10um)
-Base metal : Titanium (Ti) plate (1omm)

Price of Iridium per Ounce (in USD)

JM Baze Prices Iridium Fraom: Sep 2007
U3$ Monthly Average "5 3en
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= Iridium Period Average $689.97

The iridium price is depend on Rapid increasing in market of Smart phone and IT display
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Problem Define

@ Conventional Process of Electroplating Anode (using IrO2)

Sanding

11811111

Tantalum (Ta) Vacuum evaporation

N 11

IrO2 coating / brushing C———

Cure / Furnace (450~6007T ) ==p
(repeat 40 times / by human)
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System Analysis

@ Simplifying the system / Part of the Interaction only

Injection Nozzle(F UL &)

%oDll?shH B]ade Edge Maskrod  Conductor Roll
i Bus-Bar Bus-Bar
@ , s
[ Il
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ack Up oll \ji Insolut!l/_J tQack -Up iloll
Receiver Tank Anode
sulating Separator Center Pad

Glebal

TRIZ
@mj@r’m(?e %@2/3 in 2/@1‘”’63

H2S04 solution (5%) + Zn+ ion

A

/Ta interlayer

Ti base metal

f

(+) DC Power line

System simplified
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Changing the Coating Layer Material

Glebal
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Operation Zone =

@ Operation Zone (0.2.) : Where the problem occurs?

H2S04 solution (5%) + Zn+ ion / \
/W\ H2S04 solution (5%) + Zn+ ion

- IrO2 coating Layey

. IrO2 coating Layer
I I / Ta interlayer
AN MNANANATAMA e er
I |
'ti base metal

T 1 |
I\ _J
(+) DC Power line \\

Resource Analysis

A—— Ti base metal

(+) DC Power line
Simplified 0.;/

H,SO, Temperature

Water Electric energy
Iridium coating layer Pressure (solution)
Titanium (base plate) Conductivity (surface)

Tantalum (interlayer) Friction (solution to surface)
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Su-Field Model Analysis P10

@ Su-Field model / Inadequate or harmful factors to improve

FCh FM

. moving Iro2 '\” support \

<

Ti Base
Metal

Znion
(in solution)

=== o= =~

coating

Electro chemical
Reaction

(2) improve adhesion force
\ (Coating layer to Ti surface)

H2504
solution

(1) Prevent dissolution in H,SO, solution
— replace coating material (replace IrO,)

Ideal Final Result :
Replace the required electrical and chemical properties of the platinum.

@® Chemically Insoluble @Mechanically high adhesion to surface
@ Electrically Low surface potential (Low resistance)
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P10

Solution idea ?
@ Solution concept

@ Contradiction <:Low surface potential (solution — surface) / Metallic properties)

Anti - dissolution (Insoluble) in acid (Organic properties)

@ Solution Idea
Conducti -Replacing IrO2 (51)
H2S04 onduction Carbon .
- Carbon material($3)

\_ solution / 3 ) \ \
go N 7S S2 (metallic / organic properties))

solution Anode
Problem Model k Solution Model /
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Solution Concept Evaluation

P10

@® Operation Zone for solution concept 1

/ H2S04 solution (5%)

+ Zn+ ion

Carbon
Layer

Ti base metal

(+) DC Power line

\ Simplified 0.Z.

(1)High surface potential rater than metal elements

(Metal > about 50mV, but carbon about 500mV)

(2)Weak binding force (particle to particle)

/

Gilebal
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Solution Concept Evaluation

@® SLP model for solution concept 1

Carbon
Particle

[SLP model of carbon Anode]

-Carbon : Carbon powder molding fabrication process
- hydrophilic properties, Porous surface (micro pore, inter granular)
-Contact at Ti metal surface to H,SO, solution-> Increasing oxidation layer
- The occurrence of insulating layer (TiO)

(Bad electric performance, increasing surface potential)
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Final Solution

l Physical Contradiction
- Electrically : High conductivity > Metal properties
- Chemically : Insoluble
- Mechanically : connected particle (such as Polymers or wire)

@®Physical contradiction / saparation of conflict properties in space (condition)
- electrical conductivity condition : carbon partical
improving binding force condition : polymer fiber
*CNT (Carbon Nano Tube) - electrically : metal performance (very low resistance)
- Structure : like polymer fiber (nano size wire)

. - \
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. ol F Carbon :

e .
Particle Fiber

)

[SLP model of carbon Anode] [SLP model of fiber +carbon Anode]
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Final Solution

/ Hzso04 e H2504 ~
As-is i To-be(1) s00mV To-be(2)

NS AAS T
LR R hip \
: ﬁfyﬁ‘g@,&é‘y

N — o N Carbon
kg 02 layer Particle
Ta interlayer
Ti base metal
\ [SLP model of carbon Anode]

a— CHNT

i Base HMetal i

/CNT coating layer
[structure of CNT-Ti Anode
/ Intl. patent pending]

[CNT anode / 150 x 150 mm?] [CNT anode surface]
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Improving the Adhesion of Coating Layer

Glebal
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Problem Define

@®Require a strong adhesion of Ti base metal and CNT coating layer

- in coating process (spray coating)

Problem 1 : There many loss of CNT in spray coating process (about 40%)
(using CNT ink (low viscosity, CNT 15 wt%)

Problem 2 : Weak adhesion force and bad dispersion at Ti surface

1

What I want ? : In the coating process, require reducing CNT loss
and increasing adhesion force

CNT ink (low viscosity) j
—Alcohol Base 4+—Spray nozzle

—CNT : 15 wt%

. v Reflect / loss (harmful)
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Operation Zone

P10

@ Operation Zone (0.2.) : Where the problem occurs?

CNT ink (low viscosity) -
—Alcohol Base ./Spray}lozzle
—CNT : 15 wi% :

I, Reflect / loss (harmful)
1
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Resource Analysis

Sub.

CNT ink (particle)
Air (for spray pressure)
Ti base plate

Air (environment)
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. Air flow
CNT ink
(article) | | CNT Reflect
! 1 (loss)
A P
e 1 4| ’,
vwv.

4 N

Simplified o.z./

N

Pressure

Gravity

Mechanical force (impact energy)

Friction (sprayed material to metal surface)



Su-Field Model Analysis P10

@ Su-Field model / Inadequate or harmful factors to improve

Base plate

7

Spray for coating
(CNT solution Particle)

Air
(for spray)

Guide/Push

(Air flow)
ir flow FM

Fu

(solution)

% Need to reducing reflection force at pressure of spray
- required more adhesion force (CNT to surface) rather than reflecting force (air bounce)
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Final Solution

@ Solution concept

Low pressure spray nozzle

P ' __________ Moving direction ____

Ra = E:“.ﬁU_"Ji_

2o Static electricity
(1) Making surface roughness (4~6um) ’ Probe (-)
,Ir02 soh
@ spray

High voltage
Static electricity source

+ + + + + + + + + + + + o+

(3) spray coating process

(2) static electricity process

l Base metal (Ti) : +) electrostatically charge (about +1000v)
and heating pre-cure temperature (about 1207C)
l CNT sprayed particle : -) electrostatically charge (about -1000v)
- +) -) using the electrostatic voltage - increasing adhesion force

( Minimizing CNT material losses)

- pre-curing (baking) is possible in spray coating process

(additional adhesion force)

(rm/(l(n(( /J(WB n Z\rlr/



