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Overview o

T
B Creating Nano Technologies Inc. j\ﬂ
1. Established on November 2001. .~ e/)

2.Main business : (1) atmospheric plasma equipment; (2) Qingdaofessewice@_‘ J‘
atmospheric coating equipment; (3) vacuum plasma equipment; Suzhou sales service (8)
(4) .vacuum coating system; (5) plasma power supply; (6) spraying « ’Chongqing I <
equipment; < company(4) \
Core

Changsha sales service (2) O
Technologies Atmospheric ). —~ \}

’“ Xiamen sales service (6)

y )
~ ()
<
(o

Shenzhen sales service (5)

Creating Nano
TechnologiesInc.
Employees: 240

* Tainan HQ
* Yongkang Technology Industrial Park
* Southern Taiwan Science Park office
* Northern Taiwan sales service

* Central Taiwan sales service
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Overview

m Office

Southern Taiwan Science Park office
Branch office/
R&D Center

Yongkang Asia Pacific Industrial Zone
Headquarters/
Factory and assembly center
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Overview

m Office & factory

A

Chongqing Bishan High-tech Industrial Park
Branch company (2019)

8 Chongging Creating Innovative Technologies., Inc.

Creating Nano Technologies

FEE




Overview

m Office

-~
-~
~~~~~
~—
-~

ponSante. [ - ing
: Southern

! Taiwan
-~ Science Park

—~—
-
_______
- -~
-~

-”“1

Yongkang Technology Industrial Park
Branch office/

RD1 and RD2 office
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History of CNT

e
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Research and Development Team

Chairman & Chief

Technology Officer
Retired Prof. Franklin
Chau-Nan Hong,
National Cheng Kung
University, Taiwan
Expertise: Plasma
Principle, Thin Film
Engineering, Nano
Materials

Dr. Chun-Chin, Chen Dr. Yu-Ming Hsu Ji-yung Lee
Sales & R&D 7 menager General Manager and R&D 1 Power Supply (R&D 2
manager manager)

X
£
Yong-hao Chen Yan Zheng Chen Dr. Leo Wang Dr. Shih-ming Huang
DBD plasma (R&D 3 Automation (R&D 4 Vacuum plasma (R&D 5 Thin-film deposition (R&D
manager) managnr) manager) 6 manager)

Creating Nano Technologies

Cr



Plasma Scrubber Products
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Why Select Plasma scrubber a

Table 1. Global warming potential and lifetime of greenhouse gases (AR6) [19].

Greenhouse Gases Lifetime (Year) GWPqgo
CO, 50-200 1
CHy 12 27
CF4 50,000 7380
SF¢ 3200 24,300
CyFg 10,000 12,400
CHEF; 222 14,600
CsFg 2600 9290
C4Fg 3200 10,200
NF3 500 17,400
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Table 1. Greenhouse gases and their atmospheric concentrations.

CO, CH, N,O SF, CF, Ref.
2RSSR B GWP 0 1 250 298 23,500 6,630 (1]
EARRPHFan Atmospheric lifetime, yr ~ 30-95 124 121 3,200 50,000 12
T GAIRERE  Pre-industrial atmospheric concentration 280 ppm  0.700 ppm 0270 ppm 0 ppt 40 ppt [2]
BHAIAE }E(C) Atmospheric concentration () 402ppm | 823 ppm 0327 ppm 8.3 ppt 79 ppt [2]
REE zﬂ:/_?_‘(R) Rate of concentration change (R) 23 ppm/yr  Sppb'yr 08 ppbiyr  0.27 ppt/yr 0.7 ppt/yr (2]
BR(=R/C) 057%/yr 027%/yr 024%/yr  3.25%/yr  0.89%/yr [this study]
20144 2 EEYHFES=11.7Gg 20145 /BN E=3.3758B AKX E 2
2014 WSC PFC Comsumption = 11.7 Gg 2014 WSC PFC Emission = 3.75 MMTCE
3.3%, 34% _1.3% 7.0% 4.0% " 1.5%
uCF4 Y uCF4
= C2F6 = C2F6
«NF3 “NF3
= SF6 = SF6
= CHF3 = CHF3
~C3F8 = C3F8
« C4F8 ~ C4F8
" new gases " new gases
(a) (b)

E1.2&EYERERBINE )
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2 ELME P RRRE O

ILUINE N8R Average Bond Dissociation Energies and Bond Lengths for Some Common Covalent Bonds

R Energy  Length Energy  Length Energy Length
ﬁﬁ BE. Bond (k}/mol) (pm) Bond (kl/mol)  (pm) Bond (k}/mol)  (pm)
H—H 432 75 N—H 391 101 F—F 154 142
N-F (272) <S-F(327) < C-F(485) v & O | —= 9 | ra s e
H—ClI 427 127 N—Cl 200 175 F—Br 237 176
H—Br 363 141 N-—Br 243 189 F—1 273 191
ER=: H1 205 16l N—N 160 145 a—cl o 239 199
C—H 413 109 N=N 418 125 Cl—Br 218 214
NF3> SFG > CF4 [ C—F 485 135 | N=N 941 110 Cl—1 208 232
C—(l 339 177 O—H 467 96 Br—Br 193 228
C—Br 276 194 O—F 190 142 Br—I 175 247
C—1 240 214 0O—Cl 203 172 I—I1 149 267
C—C 347 154 01 234 206 S—H 363 134
i6 148 [ S—F 327 156
or 5 121 s—Cl 253 207
100"{6 8 143 S—Br 218 216
i5* 120 5—5§ 226 205
}\ | | "
S 80% 010000 ppm D
p KO O
s S 60% - 5000 ppm
= L0 O 4000 ppn
== 40% B = y 11 VAN
Wy O 3000 ppn CF, = 2 1 B EPRAY
O 20% Bl 2000
0% *

www.chegg.com/homework-help/questions-and-
NF, C,Fy CHF; SFg

PFCs

Fig. 5. Destruction and removal efficiencies (DRE) of five kinds of PFCs with thermal plasma torch.
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CFi+e—~ CFy+F+e
CFd+e— CFy#2F +e
CFA+e—~CF+F+F,4e
CF3+e—~CFy+F+e
CF3+e—CF+2F+e
CFR2+e—~CF4F+e
HO+e —*¢OH+He4e
N2+e—=N2"+e

-RE

N2* +H,0 — e OH + H o + N,*
*OH + CF; — COF, + HF

*OH + CF, — COF + HF
*OH + CF — CO + HF

*OH + COF — CO, +HF
N,*(AB) + 0, > N, + 20
N,*(AB) + 0, > N20 + O

-PRRIR
Ca(OH), + 2HF — CaF, + 2H,0

e+02 > e+02%A) > e+ 0(3P) + O(3P)
e+02 > e+02%(B) > e+ 0O(3P) + O(1D)
e+N2>e+2N

e+N2 > e+N2%(AB)

e+ N2 >e+ N2*(C) (11.1eV)

N,*{A,B) + O; > NO + NO

0+0;+4M 2 0,+M

N+0O;,2>NO+0O

N+NO->N,;+0
NO+O+M > NO,* +M > NO,+hv+ M
{N;O - NO+NorN,+0)

2NO + 0, > 2NO,

N, + 20, - 2NO,

0 + CoHznuaie 2 €O, 07 CO, + CH,O, o + H,0 )

Ca(OH); (s + Hi0y, = Ca™*+ 20H 5q) + H 0

Ca(OH), + 2HF — CaF; + 2H,0

Ca(OH), + COF, — Caf, + CO, + H;0

Ca(OH), + CO, — CaCO; + H,0

3N02 + Hzo“) = 2"“03 (‘Q]" NO

Highly Efficient Thermal Plasma Scrubber Technology for the Treatment of Perfluorocompounds (PFCs) Hyun-Woo Park, Woo Byoung Cha*, and Sunghyun Uhm**, 1
Development of a Combined Waterjet Plasma Scrubber for Tetrafluoromethane and By-Product Removal Young Nam Chun and Chae Hong Lee
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Plasma Scrubber
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Highly Efficient Thermal Plasma Scrubber Technology for the Treatment of Perfluorocompounds (PFCs) Hyun-Woo Park, Woo Byoung Cha*, and Sunghyun Uhm**
Development of a Combined Waterjet Plasma Scrubber for Tetrafluoromethane and By-Product Removal Young Nam Chun and Chae Hong Lee
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Plasma Scrubberz 13 77 i

S,

| |
Gluin as volume (zone 3): 0 ((‘Inw region (zone 1): k.

SO-,F, formation: SF>+0,-+S0-F-
SOF ;+H,0-=S0O,F,+2HF

SOF- formation: SF4+H-0—SOF>+2HF

\_QQ___f_onm_lmn SOFy+H:0—+SO;+2HF )

-IK7
HFg+ H,O U HF(q)
#H,0() SOz + H20) H2S03
a

862+ 2NaOH)

SO, + Ca(OH), 0  CaSOsGE
H,04 SO;+ Ca0 [ CaSO;

BD, + NaOH(y 0 NaHSOs3 (aq)

Na3S03(aq)+ H20() iM’

@,
b=

lon drift region (zone 2):

SF;+SOF,;—~SOFs+SFs

Electron impact dissociation;
¢ +SF¢— SF, H6-x)F+¢" with x=0.1.++-.5

Dissociative attachment:
e +SF¢—SF, +(6-y)F+¢ withy =5.6
¢+SF,—~F+SF;s

¢ +SF—SF, +6-2)F+2¢" with z=0,1,...5

SOF, formation: SF+O—=SOF +F
SF«+OH-=SOF +HF

SFA+0O—=S0F,

S, F o formation: SF¢+SFs—=S,F

SF:+0-+S0OFs
.\'l"\'( ) \l« . \:( )"-|u

S,OF , formation:

S,0,F o formation: SOFs+SOFs—=S-.0.F

.\‘I":"( ): - .\lg( ):

Y SFO,+SFs—~8$:,0:F10 )

Plasma chemical reaction model of the decompositon mechanism of SF,, under parual discharge [47]

https://ietresearch.onlinelibrary.wiley.com/doi/full/10.1049/hve2.12160
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Hollow Electrodes Plasma Torch
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Non-transferred Arc Plasma Torch

Transferred Arc Plasma Torch

WHEENIE

PR MRS IR KR

Hollow Electrodes Plasma Torch

(a)

(b)

(c)

Figure 2. Schematic diagram of the plasma torch geometry: (a) non-transferred plasma torch, (b) transferred plasma torch, and (c¢) hollow electrodes

plasma torch.

Highly Efficient Thermal Plasma Scrubber Technology for the Treatment of Perfluorocompounds (PFCs) Hyun-Woo Park, Woo Byoung Cha*, and Sunghyun Uhm**,t
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Plasma Scrubber 3B R ~T£ =
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Scrubber APX02 FR1Z 3%
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Maker 200LPM 300LPM 600LPM
Technology type Plasma wet Plasma wet Plasma wet
Model name APX02 APSCO1 APSCO02
Process application Etch & CVD Etch & CVD Etch & CVD
C2F6>95% C2F6>95% C2F6>95%
SEEMEERI )RS BlE CF4 >90% CF4 >90% CF4 >90%
Total Max capacity Max 200LPM Max 300LPM Max 600LPM
Footprint(maintenance space)mm W1000 x D900 x H 1850 W1000 x D900 x H 1850 W1600 x D885 x H 2465
Foot print (m2) 0.9m2 1.17m2 1.41m2
M2 vs CF4 treatment capacity 0.0045 0.0039 0.00235
Number of inlets 3-4inlets 4 inlet 6 inlet
Warranty period 1vyear 1vyear 1vyear
. . . Dual tank auto switch PH Dualtank auto switch Dual tank auto switch PH
Alkaline dosing system (option) PH monitor

monitor

monitor

Power

AC 220V. 50/60Hz, 3¢

AC 220V. 50/60Hz, 3¢

AC 220V. 50/60Hz, 3¢

Power consumption Ave 15KW Ave 20KW Ave 30KW
N2 Ave 70LPM Ave 80LPM Ave 150LPM
PCW Ave 30LPM Ave 45LPM Ave 60LPM
Water Ave 10LPM Ave 15LPM Ave 20LPM
CDA Ave 10LPM Ave 10LPM Ave 20LPM
Hot N2 N/A N/A N/A
Delivery Lead Time 20 weeks 20 weeks 20 weeks
Manufacturing location Taiwan Taiwan Taiwan
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Cost Saving for Plasma Scrubber

For 6 processes system,
1 plasma/wet (APSC02) could match 1 tool (6 chamber)
Utility cost Comparison Chart (Assuming other utility items cost almost the same)

DXX Dual Burn/wet CNT Plasma/wet (APSC02)
item Cons. unit Yearly cost Cons. unit Yearly cost
Power(kwh) S2.4 1.5 kW $31,536 30 KW $630,720
LNG(m3) $19.8 1.56 m3/h $270,579 0 m3/h SO
Oxygen(m3) S6.0 3.12 m3/h $163,987 0 m3/h SO
Water(m3) $12.0 3.12 m3/h $327,924 4.13 m3/h $434,146
N2(m3) $0.8 5251 m3/h $3,679,200 9.6 m3/h $41,522
Total $4,473,226 Total | $1,106,388
1'N,Consumption = 600 kg_ 600 (?) x 10908 x = x i x wiid = 525 M—3
kg 282" mel < 1000L h

Further cost savings through power modulation and operating mode changes.
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Total Cost of Ownership, TCO

DXX Dual Burn/wet CNT Plasma/wet
A. Utility cost 600LPM (APSC02) 600LPM
item Cons. unit Yearly cost Cons. unit Yearly cost
Power(kwh) S2.4 1.5 KW $31,536 30 KW $630,720
N2(m3) $0.8 1050 m3/h $7,358,400 160 LPM 132,871
PCW(kg) $0.12 3000 Kg/h $3,153,600 60 LPM $3,784,320
Water (kg) $0.12 120 Kg/h $126,144 20 LPM $1,261,440
CDA(m3) §7.5 0 LPM 0 30 LPM $118,260
LNG(m3) $19.8 1.56 ms3/h $270,579
Oxygen(m3) $6.0 3.12 m3/h $163,987
B. Maintenance costs Total $11,104,246 Total $5,927,611
Qty Unit Yearly cost Qty Unit Yearly cost
PM service $14,400 NA time 0 4 time $57,600
Consumable Parts $30,000 NA set $360,000| 8 set $240,000
Total $360,000 Total $297,600
TCO (7*(A+B)) $80,249,722 $39,792,157
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Comparison Chart of CO, emissions

Comparison of CO2 emissions from different types of scrubbers

1. Power/LNG/water/N, 2 CO, emissions B F AT ZIRE L

2. Not removed CF4 CO, emissions LAZ®8 A 500 LPM (52 1R 0] IZIREESRE) 2 4%CF, KA
F3 scrubber 2 CF4 EFRFRETE (EREL 95%)

3. CF4 GWP % 6630 [R=ERmieHIEEIETETRG6.0.4RA]

4. REREEHINE (COe) = EE&aE T IKEE{LEZ

DXX Dual Burn/wet Plasma/wet (APSC02)

item Cons. | unit Yearly CO, Cons. | unit Yearly CO,

emissions emissions
(ton) (ton)

Power(kwh) 0.554 kg CO,/kwh 1.5 kwW 7.279 75 kW 363.978

LNG(m3) 2.09 kg CO,/m3 1.56 | m3/h 28.56 0 m3/h -

Water(m3) 0.156 kg CO,/m3 3.12 | m3/h 4.264 4.8 | m3/h 6.56

N, (kg) 0.123 kg CO,/kg | 1,200 | kg/h 1293 3.75 | kg/h 4.04

Not removed CF4 - 223.2 | g/h 12962 223.2 | g/h 12962

Total 14295 Total 13337
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Foot print Compassion

B e
DXX /500LPM APSCO02
/500LPM/600LPM

W1800*D1000

1300*1300

APSCO02/ 500LPM/ 600LPM

Foot print=1300*1300=1.69m?2
#E1ZETE=1300*1000+1300*600*3=3.64m?
Total foot print=1.69+3.64=5.33m?2

Creating Nano Technologies



Destruction Removal Efficiency

CF4: 2slm

Scrubber plasma 40 sIm

Pump N2 : 30 slm 32,258 1610 >95%
Scrubber plasma 40 sIlm
C2F6: 2sIm
Pump N2 :30sIlm 32,258 322 >99%

*DRE=(Cin-Cout/Cin)*100%
Plasma conditions: 10KW

Creating Nano Technologies
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2IE

e
APXO017E {EE[1E
B (KW) City water(SLM) Cooling water(SLM) N2(SLM)
EEHIEE 10.3 5.5 6 31.6
SHEE 0.25 0 0 0
g1 AEEL51(%) 97.5% 100% 100% 100%
35
30
25
20
15
10
5 L L

& 71(KW)

City water(SLM) Cooling water(SLM)

mEHEF aHE
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