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Supercritical Carbon Dioxide Functionalization of Polyethylene Terephthalate
(PET) for Flexible Biosensors

Po-Wei Cheng®”, Tomoyuki Kurioka?, Chun-Yi Chen®, Masato Sone?, Tso-Fu Mark
Chang?®
2 Institute of Innovative Research, Tokyo Institute of Technology, Yokohama 226-8503, Japan

*Corresponding author: cheng@ames.pi.titech.ac.jp

Supercritical carbon dioxide (ScCOz) is used in preparation of flexible catalytic
electrodes for sensing of biomolecules. The flexible catalytic electrode is a composite
of Au/Ni-P/polyethylene terephthalate (PET). Three steps are involved in the
functionalization of PET: a catalyzation step, a Ni-P deposition step and a gold
deposition step. ScCOz is used as the solvent in the catalyzation step to promote
interaction between the PET and the deposited metal layer. Palladium bis-
hexafluoroacetylacetonate is used as the source of the palladium catalyst for the high
solubility in scCOz. A thin layer of Ni-P is deposited on the ScCO; catalyzed PET as
the sacrificial layer for the deposition of gold. The electrical resistance of the Ni-P
metallized PET is 0.27 €, and it slight changes to 0.30 Q after a tape adhesion test,
which reveals the positive contribution of the scCO» catalyzation on the adhesion.
After deposition of the gold layer, the catalytic activity of the flexible Au/Ni-P/PET
composite electrode in oxidation of urea, ascorbic acid and glucose is evaluated to
demonstrate the applicability in flexible biosensors. The experiment process is shown
in Fig. 1.
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Figure 1. The graphical abstract for process flow
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For stable operation of power semiconductor devices with large heat generation,
a thermal interface material (TIM) that efficiently transfers the exhaust heat to the
cooling system is required. Understanding and controlling the dispersion state of h-
BN fillers in polymers and their thermal connection is necessary to advance h-BN-
polymer composites with high thermal conductivity. In this study, the effect of
organically surface modification of h-BN on the dispersion of h-BN fillers in
polymer and the thermal conductivity of the composites were evaluated.

The pristine surface of h-BN is inert and surface modification is generally
difficult. Therefore, we treated h-BN with 1 M NaOH aqueous solution to add OH
groups to the surface of h-BN, which would behave as organic modification sites.
Subsequently, the h-BN samples were treated in ethanol with 5-oxohexanoic acid,
for organic modification by dehydration reaction between OH groups and carboxy
groups. h-BN and epoxy resin were mixed and thermally cured to prepare their
composite. Since there was a difference in the degree of kneading between the center
and corner of the container, the samples from the center and corner were collected
and cured.

h-BN was kneaded with epoxy resin at 70 wt% and the variation of
thermal diffusivity with kneading time was evaluated. Figures 1 and 2 show the
thermal diffusivity results of hybrid materials with raw h-BN or modified h-BN (mod.
h- BN). In the case of raw h-BN, h-BN initially accumulated in the center and



gradually mixed homogeneously. In the case of mod. h-BN, h-BN and epoxy resin
were mixed rapidly after h- BN was distributed throughout the entire surface.
The difference in mixing and thermal diffusivity should be due to the difference in

affinity between h-BN and epoxy resin.
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Fig.1 Thermal diffusivity of hybrid materials with raw h-BN
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Fig.2 Thermal diffusivity of hybrid materials with mod. h-BN



AZTRS - F R EEAH A (D

BT FFRESRFIGHAE CHRRE T RRE TN
2 Qi dAe o ¥ F R DL & A (CFCo) % 973 A3 %0
BT AR o F 4L R LE (Montreal Protocol) 2 i i% % # i# % (Clean
Air Act)o® ot 1995 & Rt b € Bk & § & 53 Al(# 45 CFCs)2 7 i
Fir o FPLFE LRIORS R WRAHTAE DA R EHR
P g oo

A2 & o 48 (Supercritical Fluid, A2 T/ in48)F e P72 3 f 40403
PRATT ~ MAER - M A G SR 4 R RAPR DR R BB ES o R B S NE
I S SR N RS AP ARG N A EFEE Sk > A

€5 4875 it chd spaffi o

- S RTRN M BT B v AR

B R & TR % EA TR K T 1869 £ e AL Andrews FE
oo Berg dans § M ARTRR BB S P R ATavAp f RIT o A ALTRA L1
ARSI BF R B T AREARE T 2 2R A 2R
fa4 g4 5 B2 - § o+ & (1879 )% & 4% Hannay ¥2 Hogarth
FIR o wFEH A1 E PRET 1970 E N A Bdnod ANFY R R g
ZF TR E G PRI et F 2 3 "$ » 1978 E 4L Bremen = & § AL
2R F ORI M EAR Y Rrpd e FE Y G5 1980
i# 74 0 Carlton and United ™ iF2 @ A2 T fh = § 1 5 Bovd ime 4 o
(hops)r/ i ™ 7)o 1980 # 4B g~ %2 ~ P B4 M EAE - F 5 1 -
RBAFDS R P o

%
2 4

P 2L Bichner 5 B % F hATRA CO2 ¢ 273 fRR 4 (Z.
Phys. Chem., 1906, 56:257) ° & X p 1960 & & ¥ 35 $& § 42 To-fh /548
PATE AT o Bn B 2R FF L AN R B #1980 £ o @
A TR AT & B B ST A8 v a & 0 R
EFCFESFLCXARARE 02T 1990 & K FIRFL BT LR
B R A BE BN G R B B 4 .

K p 1980 &£ R WA TRA R AEHER 4 BB 0 e
AeF e 1~ g g ds ~ 4 A4 (fractionation) ~ T f (deposition) ~ i
(impregnation) ~ # %% E & o

A TR R BT R A AR P e 0 1982 & Michael Modell 3 P
AZTRA R F 1Y 4 2 ®WAz(U.S. Pat. 4338199, Modar Inc., "Processing
methods for the oxidation of organics in supercritical water" ) » % 42 T/t /i 48
Be* G R P AIL2 ASRY 0 1980 # R 0 BASF LALTRA AL 5B
oA WA AP FEIE Y -



FRELRTETRTEARLT kg P& (¢35 CFCs) 2%
1995 & = 2 % > F]pb 5 — kI ,Lr 3?' 4 PFCs ( perfluorocarbons, > & &

L4 ) ~HCFCs 2 # 4 HCs B# 91 % » ¥ B %1@**1%‘4%'«‘“%”“
Y R ,galgz'ﬁi_‘-?mi%r}’p gty (M- gEs 4

4 PFCs % #.815/lb) ~ 5 4 4% (4v VOCs 2 HCFCs) » % %% (4 HCs
/f’]‘l? ﬁ]\‘—) ’ll}.}%‘ij\}f@‘”l’p%\(}\ptl Lokik % ‘,U)o ] "'JfL"%I_L‘r,}/A
AR ALE B F RS RO AT AR E S

1994 & U.S.EPA 5% 2_ Guide to Cleaner Technologies — "Alternatives
to Chlorinated Solvents for Cleaning and Degreasing" > & ¥ 232 & 1|4
‘J?‘\S?IJ &K R s X R RA s B ke -4~ HCFCs ~ 22 %

5&3//"%‘ (”lff'«f]ﬁ’ %) ~AQRh it (COai) 22 koF it
/«?‘{ Hoo ko2 TS Hbatins THEBRB AT A Rk FF 1 kik
ST R H 2GRk o g w] E v R (MEA, ethanolamine ) £ ’fﬁ i~

(terpenes) ¢ *r¥t A 4835 T £ ¥ i A 4 k23 % (aquatictoxicity ) » 7]
PP E 2R R g o gt o iR R TR TR R IR
K BRAP (FF) M URBRE FES AL [ HFoL T - AR A
SRR CFCs @ B 38" AM Rk 4T8 > 278k COy BIEM p 2
% o

A b F E o p 1990 & B4 0 2 Wa: RI% (DOE, Department of
Energy ) 4&# IWP 2+ 3 (Industrial Waste Program ) - ?E BA R A TR o
B H & 15\@‘.]{;}' E AL s Bk T SR A ’F o AR o P2t F nd BT oy
G HAEY WG ORIBR IR SR BER Y 2 RERIT
REe 2 G4z o IWP #7 ¥ et et 3)3+F 2 — ¢ "Solvent Waste Minimization
by Supercritical CO; Cleaning " - 34 {78 & 5 : Sep. 1990 ~ Sep 1996 » 4,
& % $11,800,000 » %2 ¥ = ¢ 3£ Los Alamos (LANL), Pacific Northwest
(PNL), Sandia (SNL) % B #& % % > /4 % Hughes, Boeing {# o> 7 &2 4
BB AR TR RILDEE o [2]

“,f IWP ¢k > ¥ 5 % fF B8 e 7 38 B B JAAST (Joint Association
for the Advancement of Supercrmcal Technology) B e RIER &
B R F%HRZ > PAaH IR, ez L 88 RaOR
Flod 3 IWP 22 JAAST R4 JadAQiRft /i 2 238 % o ik > F ¥
L g (Aot 2o Bk 7 Fe¥ R E R RATR 2. L E R ) @ (5 PpEir
Bk AR o [3][4]

R2TRh COy M R * 2 P T 7 4020 1985 #2180+ 5 5 US.
DoD( ® 738 ) & ezt F » 4 Small Business Innovation Research Program

BOFERF I A g o) Vo ankEH oV A H - e
HpaF a2 nRr COVRpd pHaos 5 4F L RAPB L



1995 # 2 2 X7 A1 £REY R2 P S5 - ER L RA
24

KN ESEEPE

COy % k3> * 30 ikjissng 7+ (avionics)¥? bk s 2
EWERDD A ER 5]

1990 # X 2RIl Az HIFESHF T EE L FY > L7 K 1990
~1999 ¥ & 3 MAZTRA CO2iE filrz. 2 W& 17428 60 j T+ 5 )
21995 E(Z )M EEFZ EJIET3% > ¥ AL EHFLEE K o

F-EP FE A3 (60L) ~ > T M dlaAg il COe® f B3 %
B 9 Autoclave Engineers 2 @ 3% 1991 & 5 LANL 22 g &3k % [3] » 1992
# Integrated Automation = & (Jf7 7 ) ¥2 Messma-Kelch (f& & ) & (¥ F

HATRR CO» B S FIRZ T B 5P 8" H Fl2 @ 5Lk % [6]
1998 & 5 % MIiCELL = # 4& 4! " MiCARE System | 2_ % $» §7 5 #% » HjiF
% /& % Battelle o

P AARTRE COy 3 BHjrz Bt 7~ 4p % % (4~ Kobe Steel Ltd.) ® ¢
FRFERDE R R R ARERND R O FRE S PR
KAt~ & e Smith R 424 # adg fofh iR aT £ ¢ o > 3090 1997
£z JAAST ch® BB & F B3R & 'E 3+ 4 (Regional Consortium
Energy Project) > P eni B R * 2R /il k(7] - FEF % Z
B 17.8 L g Rt r e R E R A ,%f@i‘h 7% (thermally- driven )
N ~ MR EE k3o SRIC.E ITEC 27 &£ 1F -3 1999 & 2 7 4 <
PR A ¥ iR ERE RS 17.8 2 ¢ B (~100bar) ~ ¢ (<
50C) #ei® k3, ¥ FEEI100 2 cfs * K G o

ERHIEFTHFED 31999 & B hn bR TRA COx ik 2 Fjrz 4
B o 332 2001-2003 #3147 Tz gk - F M RUEE R K Bl
4w j%_Raytheon Technology Inc.(USA)P~F & f4 g2 42 fofh CO, it E
# #2 # 7 0 j€_Natex Prozesstechnologie GesmbH (Austria)3 | &4z f= % CO»
e A 2003 E R A RPN B - 2H Y AZTRR COxRE A o

- TR COE RIE
FEF TR 2 AT & 1-1 P 0 0l COx B § A
teAgTRA A AL 2 RIS E AT 0 B R FldeT
o TRRAELE AT (#HNE R BT AE o
© COr 20218 ¥ (At 73A Y RRESK) 2 A1 ERA
BT E S BEE)T § AR ok o [1]
o MR AMAT R RS EL RS T REERY-

"



%11 ¥ TR AL R BT

3 A A BAECC) | Tl B4 @m) | %A gen)
% (Xenon) 16.6 57.6 0.12
2 % (Ethylene, C2Ha) 9.3 49.7 0.22
FLFMN0 £4) 36.5 70.8 0.45
¥ A% (Methanol, CH; OH) 239.5 80.0 0.27
7 f% (1-Propanol, CH:CH> CH:OH) 235.2 50.0 0.27
® % (Toluene, CsHsCHs) 318.6 40.6 0.29
% (Ammonia, NH3)? 132.5 111.3 0.24
¢ % (Ethane, CH3CH3)* 32.2 48.2 0.20
P = (Propane, CH;CH.CH3)* 96.7 41.9 0.22
- § L R(COy)® 31.1 72.8 0.47
'k (H20)? 374.2 217.7 0.32

TR KR 1.Supercritical Fluid Cleaning as a Solvent Alternative, Pollution Prevention
Opportunity Data Sheet, U.S. EPA, Apr 1995
2.Introduction to Supercritical Fluid, Supercritical Research Group at U. of New
South Wales, Australia

at ¥ IEREY B2 QRA I

21 RieRh- 5§ LAZ $FBLE M

el AR R G (AETRR ) A E R Rt R A TR
BAN Ik o fRh B ROTE I F AN ERPF BLRS At A
FERHP TG AR R A TR RS TR L FHARAE
BFGEA R RN E 585 Rl g afRA kY -0y Ei4p
o WAF AR ARAR 0 A B4 A K2 e ARt B¢ AR iR
ife AR P ERE R4 00 AR e 3 S {2[8] -



R h R RS 2 RS
(dissolving power; solvency ) = it +“ if
Grehgrlt > B4 A% 0 R g0 2
B e S ECE S R T SR UE RN -5 N
N B A BT A
(naphthalene) % CO2 (Pc=73atm -
Tc=31C) *® #9542 & (Solubility) -
PR BER SR EFR K
v B2 B fRR T i‘a%coqd]”‘&ﬂ&ﬁ’!gﬁ’*

}‘—?'ﬂﬁr/p%ﬁ 7\3‘?""‘ m/"ﬁ#&é“ﬁ%@
J_I;EW %Loiﬂl@J’r,I%%‘r

R LRI e S ST
B> Tl 2R ol e AAgTRA naE Y H
AFER GILE F WA E D 100 B2
Foo TR D § PR AT 4
T o0 d T g A TRA CO2 hife v g
BAE —iR2 B i & s iddeT !

107! T T T T
"~ | PENG ROBINSON
" EQUATION
£ 4-2
w0~ r
-
<<
I
—
T o3
< lO I~
Z
S \TRUNCATED VIRIAL
z , EQUATION
o 10
[
(@]
&
IDEAL GAS
0 107 /
-
o
=
IO-—G 1 1 1

0 100 200
PRESSURE (bar)

Source: U.of New South Walse, AU
Bl1l-1 245 CO7° a3 2R

& LTk COrenpRITILRE » FIHF I H TR T 3R
& TR COy cgbA ‘ﬁ"u;f« Ay o Fpt H BEcRBEO R AR 0 i %frm
R SN I T
12 Qeph - F P EEFEL
F ik G =Y I | i
P=0.1Mpa P=0.1 Mpa
T=15~30°C Te, Pc Tc,4Pc | T=15~30°C
%R (g/em?) 0.0006~0.002 | 0.2~0.5 0.4~0.9 0.6~1.6
ZbR (pkg/m-sec) 10~30 10~30 30~90 200~3000
47 % Bc(cm¥/sec) 0.1~0.4 0.7x10° | 0.2x103 | (0.2~2) x10°
7 kiR Kobe Steel Ltd., Japan
COy ch=4p 2 LIRS — B R M B4R 1-2 977 0 f — iR
iwﬁﬁ%ﬁéﬁ%ﬁaﬁéﬁﬁ%%ﬁod“ﬁ%ﬁ@w’mﬁ#i
FART P B EAT (F —RTE) 8 AIEFRAEIALRR
LREERIFA -
RTEh A R SEF B R H en W o A RN CO &
FERATVERBRRNBREBI-3977 5 CO, cBR4 — % EMZED

BYPBREFINTORBRRZFF > LRAE COy i R %1 JC

0.2~0.8g/cm> - d
%gtb VT COy A fR4 o

PRT A ARTRR RRS ) RLTT R BAMP A



Pressure

10,000
8,000

6,000
4,000

2,000

1,000

600
400

200
100

60
40
20

10

6.0
4.0

0.2

0.1

2.0 ’
1.0

0.6
0.4

Superecritical
Fluid Region

Solid Region Liquid Region

Critical Point

A

~ riple Point

Vapor Region
Superheated)

L
'

L.
T

— Solid Boundary

- Vapor Boundary

-40 0 2 &0 120 160
Temperature (°F)

-160

-
n
o
.

@
o

Source: Airco Gases B 1-2 % COy 2 = 40 )

Pressure (bar)

500 =
400

300 =

38 2
L1

7 —

Gas-Liquid
Equilibrium

)

{

!
]
]
|
l.I
0 -4
I
1
I
!
1
.!

I I |
25 50 75

Source: Schneider, .1 978 Density (-g/mL)
Bl 1-3COz e B 4 — % K B 75 B

126

200




B TR Ak i 4 ]
FEy FAPRNMIER & B AT
lfé' ?/:)»* /J‘V“F'&a-&rvi\']]]ﬁ‘\‘%,}’bo

BII3KERZARIZTRT FE
F M2 B @ AL 5 1/30( Lira,
1988 ) Bl 1-4 #751 5 COz 2 iR
—RAMGBR T g hARR T
IR FRA W 4em 5O AT
BRAZ M ﬁﬁ’p%*%ﬂﬁﬂﬁﬁ
P s gitom PR R R SRR
4,\@’;'& /"%ﬁrl.‘i&‘ﬁﬁ?' Jr %.L' Z
/Qﬁifi i‘ﬂ@}‘/‘}?ﬁ | R’
T% 3 [ B> F AL v %ﬁ L_i&‘ﬁ?\?% ok ||
\/pﬁ’ek)i% FERA G MoAeR 1-
BT bTFﬁ?lAﬁ;F}:E%TL’
*‘v?ﬁ:&%{@J ( ‘f] 110 bar) 2 phid
BRI F A RAMRREE M, R TG
TR ﬁﬁﬁé’ﬁﬂ@’@ﬁﬁ
ZARTRA B RAE N m B RE
iﬁﬁﬂ%%%‘iﬁiﬁ—ki?%i%@ﬁ%iﬁgk’
ATILEERE A FER E N o K 2.0 Ak s
R LT BRI

ER B3 T%%Jmﬁﬁ

% 14 Hildebrand /% f2 & $¥c i B
THOPCOr g PF2Z B3R 5 00
R h o lET gE 100 @ F & &
6~8 » &7 it ¢ 'z (Hexane)% = %

it B A
% °[9]

/\‘
DIFFUSIVITY (cm?2/sec)

>.

X

an_\_,.\

3 T

14 ’ i@ﬁ?’% /fﬁ{g
‘%ﬁﬁﬁ%%&~

A T ok
EEHE # Y
AR

PRESSURE
{aim)
70
80
N 100
10 SATURATE 1
A D
VAPOR 150
CRITICAL POINT 200
SATURATED
4| LiQuD
1077 4

105G

CONCENTRATION (wt%)

1 1 { 1 1

40 60 80
TEMPERATURE (°C)

I
100

Diffisivity behavior of carbon dioxide

[ Extracted from: McHugh, M. and Krukonis, V., In "Supercritical Fluid Extraction”,
{SBN 0-409-90015-X, Butterworth, 1986 |

FE] 1 4C02~3}7§7 /‘(E‘i_m_}irﬁg %

TEMPERATURE { °C )
300 t0 20 30 40 50

15 %

10.0

367%
25%

Source: Phasex

Bl 1-5 23 COx7 2% (%



(mass transfer rate)? % ik 3 “f A4 A oo 11 COy 5 AR
ﬁ%ﬁFJT%m 5 A g o ik R ﬁ%ﬁ&ﬂ’?ﬁﬁﬁ%
PP ’\'“‘"’I(@'é"*;m%;f@mﬂ)fﬁzﬂ%? Lo Fwgg fIr o

22 RTRA - §F LAURES 2

FLEPRARARIER Y AL R ERfES DR R
B 1% T A TRR IR TE L B A R A g B i eh
Fo P AT I FPA R L8R o TR 16977 0 LR h kit
Hd A g F® (extractor f B FFB2 RAL) ~ B (COy i
2) CFRR (MRS ) 2 23R (separator;ft f A 2 g k2 & CO,
) o COMIPTT 7 RGBT K RS (4 4000psi) > 34
BIXTIEREGECS0C) A CO2nE LT 3F R §HZ 30
WABF DN IAMBAEATEL (9 10%ER)  fF 3 RgR g,
SRR B EMRECO BEA T EN S N EAMH AR A RE
ok g COy 3 e f e COy LIRS ¥ fc s § B COr e 1]
B W BRI AT R A RS R R E BNk o 2 S E B
g R B Eeh s R S o R ATR K RS T R (TR A S A
W& S EAR - [10]

d 53 3V (batchtype)2 A2 x Mo 3 E A L i F BEEEL
B BEEE N AR/ PEEEATEERGIT 7B EAmcE 2

COz ¥ it b @ ﬁ*mﬁaﬁ, 23 pen B R R B J R PR
g bR R dgi s R A A A kS b i 4ol 17 A1 5P &
4 = %l 4% 1 SFE (Supercritical Fluid Extraction) ] 42 - 42 f&=% C02 %
AR ERERNEHBEAT  EIRFE P REP G TREBSR
RY@WAES? B COyx L5 7 k e p w o i ¥ 4 74"— %A o [11]

Pressure Reducing Valve

. >C>'< — CO;
CO: & Hops g Vapor i §
o Flavors ©
@©
2 S
- Q
5 Recycle v

5 Compressor —
Heater Pump 7
~— L Low Pressure

CO;

Source: Phasex Co.,
Lawrence, MA

)COZ Vessel )

B 1-6 & A7 SCCO2 X B~ 4%




Extractor Exparsion Vil Hear Enechanger
- Fpor)
Hear Exchiarzer
[AIperTitical)
Separator :
i Eeceiver
High Fressure Pump
(iquid)
Hear Exxchutzer
Source: Kobe Steel Ltd., Japan
CO2 homh

B 1-7 #¢ = %4k =9 SFE /v 42 1)

kA Az IR CO e WA 40 B 1-8 #7% » A P Tk i eh CO2 iR
WP RrEdy md o SR RRFREL P TR - R iR
R D P T RTRRR G B F A BT P Tk B 5 E o &
Py To R e chR B2 %%'E‘ HprFHOREEH# (FRER CO:
SRR R TR ) @ e R o Ptk e 2 SN # ik 8 7% (Dynamic
cleaning) o ¥ 3 # 5% (Static cleaning ) #3% > 7 TRz E S 54

8 2

g |

a I o, .

§ Liquid { Supercritical

= Solid Heat } Fluid

P2 7 T ; Clean
%) |
g |
1070psi g -

o
O

P1 —

Separate
/ Cool

I I
T1 31C T2

B 1-8 A » 1 SCCO7 % ] 47
FoRER I NF G F Lok COxie » 2 3t > SRR I P
Tok i > COx A f A 7341 kg § & CO & b 4ra
Pi-Tr 22 i dwied 4 o g2 i iz fBodie &gk

—

Temperature



RE P ERERET AT - BAEIVMRSE > 4oPVD £ 5 BEJTE o > K &

= RAcE 1-9 #157  [3]

Heating Unit  Pump

x
<=

Liquid CO2

Cleaning Vessel

(&)
G @@
g

CO2 Recycle
G==2>
Cooling Unit
4L kiR : Los Alamos Separator

National Laboratory

B 1-9 SCCOy i % [k ki & B

SR EE AR -6 hE RS R BN A FP Rk
Efha e o emiE G R SRS D FIL R R AR TRA
B TR AR AEE G AREE CRIRAELFER I
W ot CO A R R R M ARFFET A SR FREZ B TR
& ot iR E -

Pivipt b o2 Rl Sl BRERS P H @R 2 BR
PR S AR RS R R PRIOE BT E
Vi GRSl R R G R ok o S R R TR
T : 38~85°C » P : 1450 ~ 4350 psi [99 ~296 bar][9] = & d >t F BK & ¥ F
TR XM TR I MR EEFRE > 4T 25~60C 0 P
250 ~3000 psi [5] > @ & ,LEE;?@.}%%@L?J? o j\lﬂgﬁﬁ—,-ﬁ%ﬂ;&%\;
(R4 EEARS E100bar 1T > H I LR FREF LA L RE R
WA= A[T] e

AR COy ¥ * B RFF L 048~08¢g/em’; CO2inE ~ 45 5 2~
11 Ib/hr [15 ~ 83 g/min][SVC] « e F 8+ » 2K 5 & 0.5~3 hr(1995 &
MLAR) 0 3T E R ke BB D10 ~20 Ada 0 P AT D B TR
10~15 248 o FrRE * R EXF2EH L &> 4o 8" H & FlAZ it
2 & 40 45[6]

BT 2 o AQTRA AR E TR P AATRA R S B fAe e %A
oo nn@Fifz £8P ) SRR E K S o 5 RAETRA
COr i R B b > H ™ MK K 2 A2 20 d COyz 1 (37 2
LR B BT T E ) o PPN iTE k2 EARE G R MR TR

~



BE R Rl é"rv‘gf FRiEz @ B R BIER ‘54?%’3?'J3§§f]§4n4§',l‘1 %
g‘g-&r’?ﬁ ~ /‘% ~ ‘;lﬂ—:gf\ ﬁ%&.ié}ﬁ:g‘é’% ;é’:% ﬁsé\"\j o

24 7R

10.

11.

. David R. Linger, "The Fundamentals of Dry Ice Blast Cleaning", Cold Jet Inc.
. Project: "Solvent Waste Minimization by Supercritical CO, Cleaning", Craig Taylor,

Los Alamos National Laboratory, duration: 9/90-9/96
http://pprc.pnl.gov/rpd/fedfund/doe/doe_oit/solventw.html

. Sarah B. Williams et al., "Elimination of Solvents and Waste by Supercritical Carbon

Dioxide in Precision Cleaning", American Chemical Society Emerging Technologies
in Hazardous Waste Management VI, Sep 19-21, 1994

. M. R. Phelphs et al.(PNL) & K. E. Laintz et al.(LANL), "Waste Reduction Using

Carbon Dioxide: A Solvent Substitute for Precision Cleaning Applications",
Precision Cleaning 1995 Conference, May 15-17, 1995

. David C. Weber et al., "Precision Surface Cleaning with Supercritical Carbon

Dioxide: Issues, Experience, and Prospects", Metal Finishing, Mar 1995, pp.22-26

. Edward Bok et al., "Supercritical Fluids for Single Wafer Cleaning", Solid State

Technology, Jun 1992, pp.117-120

. Smith R. L., Jr. et al., "A New Thermally - Driven Supercritical Fluid Cleaning

System as a CFC Dry Cleaning Replacement", Proceedings of the Fifth Meeting on
Supercritical Fluids, Materials and Natural Products Processing, Mar 23-25, 1998,
Nice, France, pp.143-148

. "Introduction" & "Application", http://www.ceic.unsw.edu.au/centers/SF1/42 &/t

48 htm

. Donald M. Mattox, "PVD Processes: Cleaning with CO,", Plating and Surface

Finishing, May 1995, 82:130

"Introduction to Supercritical Fluids", http://www.phasex4 42§/ 7 %8 .com/4Z T
B w48 .htm

"Applications in Extraction and Purification",
http://www.kobelco.co.jp/eneka/p14/sfe06.htm




@ 17 B k3 3¢
DRY ICE TECHNOLOGY €O, LTD,

o R SRR ERAT

KRR AT 2000 F£ - 282K (Drylce) & Bk (CO:) HWEHEHS
HER - 3838 1SO 9001 ~ ISO 14001 B RRE @ BRHEEF  -BE - TFZEHE
EEFME2eMERE  R_SEHKERBRAZE -

MEBEZKBEEEM WNRKBER_RTENARBL  UHINEREHBY
EXL ZTHMAZTHWN - BEEK - 100%45 4 1T E GreenForever °

2020 E%ﬁLann?}i:atﬁF—EFﬁﬂ* FEREZEmZEHE BB
1S022000 - HACCP mE BB AMRBE - WL "2 - @BF - HE - XEK
2, Azl - BEM Mﬁ REEH SEMPUBEES L2XFATBILET
AEFERKSNEER  Z2—EREZMIKNWERZ -

oo I EEm/ik#FBIEE &
& TERBESEEMARCO, Technology
& LIKEARB/BEALRE A
& ZIKERAEBBRA R
& FEKIHE
oo oK B 2 IR
RUE_GLEHREAEABRAE  BRMAEMB 0 FNEXEATEmK -

\\

KMZHAEF _SERSEFERAERELR..

SHBE _SEHETRFENERZECLHERE  BERXAEE-BEXL
XNt EEMBAEENTANHER -
REZEKLE BEXEBEHEREERN  GERBEERLENZTEAT
"HERB2BEE REREAALOEER  FRHEBEXRANUESERRE

{

iiF
[

"IHE B2CEE - GEKEEELFERY  BEREmBREIALURARE
ER "



coz = CO0

SRNSMNARE_SCHARHEEREASRNENR
PR - B0 5 8 BE R T T R LB RO IR R TRAE R -

B_SERRTERELEERARS - Bt - AAREN
SHE - HEREENRETE -

RED_ACHENEARERABARE  RNISHERE-
AERERIBENEE  2HTEK - TRITHN -

1T Ot R ¥ oM @)

DRY ICE TECHNOLOGY CO., LTD. ki
RBHE-CONHIZHAER TEHB AR B4
€02 -

Reuse TEERA

Bli=kd

come T - COD iISiHbxEREE

XELEZ  BER "RERS . BEAYE "RERE MBREANER R

200 FRUSEZEBEREEHCLIM - AMIKERE @ HEBHNERN CO. B

BlFTskE  FMRAY "THEMITREKE, - "ENBEENR., - "HE
XEIEm, B TCo.BRME, HEAKERNEZWEE -

EBXmE  LHEHEEERTY: FoREZZEEnTEHAHRER
1S022000 * HACCP mEBEEB R A E -

BAUFEIE [ MEZLMHKREERN -

+w

BEE - 8Z2KiRT
@ EESET - IUREEME - A5 EEREIRRBEE
® BEEBT  BREASEZBIRERE
Yee wnanns | BB RBER - BABEIE « RIFAEIK
® MARSTEEEHBUR - KREBURN LUREOKNER  EE2EX—K
e |

Yz rwEEse




® WBEMNEHR  EAKHEPD - BORPRBBOEY -
® BRARMIEHT  BEREEAS CO, BAARREE . mREI0H
EARAR -
Yan zas—a MIT SRkiE | BagRkE

Y Bz gasWRBRSE Cox BIFNE | kAR

ATRREH T EBAWED - QHEHATRRENS
(https://www.facebook.com/CO2tour) !

+, BesnsEsnts

B 8 | ik
R 15 EX
RS EDIVEE

BEMEMBL  HETMERAER

wE
(=g
. =
- ——

""Th‘t‘“f‘_‘-’ 18 ;#I
Wb e 'lil !—!

SEE RS R SR AT | EATEBUARENES |

T 7K _ER& SIHER
EEREENSHEREE ZEBKLMEMNIEFE SEMSHESPIE 88 5
—B% 38 5%

TEL 05-362-0606 TEL 05-260-0963 TEL 07-226-9966
FAX 05-362-2626 FAX 05-268-4347 FAX 07-226-9992

service@dryicetech.com.tw  service@dryicetech.com.tw  kdit@dryicetech.com.tw



TSCEA © #2fRh in i ¢

Taiwan Supercritical Fluid Association

(REFD)FBF W LRAHFTL AL 2002 K7 9901

TR EITBROE o B R L o

[ ]
—

P # o (RF0)12/13~12/22 18:30~21:30 5 12/24~12/25 08:00~17:00(F %)
o F kMl BRF M TAEF TR X 2FS KT VR RAAFHE IS ) F+
2] PECGRIER) e
oRARM F 1 B R F MM 3HR ~ fEiF % Hi¢ 3HR ~ B K E 2 & 3HR -
PRt A 3HR - 2558 2 H g% 3HR 3k (TR A7
£ % 2 3HR ~ ¥ P Sl 3HR ~ % 238 F ¥ 12HR ~ 3 &
FRFILKAAPMZR2HR > £ 35/ pF o (Ve B P51 ] pF
Z peALiplsk K 1~2 ] PF)
O GRHE I BT BRI W10 [E 1 EFmTFEY wEF A/
2 AEABFE @]
Y AFRRAMPFTRAEEARSIE AR o
AT R AT 7,000 K A g ER T4 ITRL
P AFL30 Lo FRA G Ak o
VERCDBERMRSFERE T IIRFMFKAFTALL 2
FwEAIR] 2%E o
oiF Lywiz 1 LB E AR £ 1 (07)355-7586 & AT TR o AE s ¢
2.3F & 13 45 @ tscfa@mail.mirdc.org.tw
3AEY PR L VERER R B F(RA017)
S UAREE A S A TRA R € MR 5L 1 002-09-018479 (P
FheFIu| 2 JRAFE ) R UM BRE AT SRR TR R ¢
SRR AR ELEE SRR Mg AT TR
fedpF W oo
NGB T3 0 (07)355-5706 & [ 4e[M2 - viAp ¥ - A LD HED A




2k

7 =

HE B EBRRREERERFABLZ@EEABIIG | LREAH| 111 F 12/13~12/25
/63 % HEFAH BMETHR | FHERE | EERA NEEm
AR #5 B8 {u 5 h
AR #% ith 3if|ooo = =
28 = {F 4t \poo #— #m %
8 8 A A AlEREEAS A / BAE email :
ZmMEHR 70 28 o BRI sEEI
MBIV oFfEEIE nxE offfiXIRE W2 HE &F H
X HEFAH BHBETH  EERD - B MUEFE DUABEEE ()
ERBEAGEER
o (HENSEBEREREERBRIFABLZZHEANS IR

2022/12/13 (Z) 18:30 ~ 21:30

2022/12/14 (=) 18:30 ~21:30

2022/12/15 (79) 18:30 ~21:30

2022/12/16 (1) 18:30 ~ 21:30

2022/12/19 (—) 18:30 ~ 21:30

2022/12/20 (Z) 18:30 ~ 21:30

2022/12/21 (=) 18:30 ~21:30

2022/12/22 (79) 18:30 ~ 21:30

2022/12/24 (7%) 08:00 ~ 17:00 (EEZ 1 /)

2022/12/25 (B) 08:00 ~ 14:00 (BEEZE 1 #H)




TSCFA © #R®A it ¢

(P

Bed

[ ]
—

O AL

L B S A

Skp
A

CCRERRF M TRAHRTAR AL F A
DATEY BAT A
PAEFL30 F s e Lk e

T BERREFERE (8

: (07)355-5706 % -] de|E R - v4p B - R E B

Taiwan Supercritical Fluid Association

ERLR. T ERETE RS Y R SRt

B OO E (0 G L § 4 £ o

111/01/09~01/13 08:00~17:00 ; 01/12~01/12 08:00~17:00(F ¥ )
BRFHEFTRAETAR L 2FL KT VYRR 35 | P
2 ] PEGRIZR) ©

D% R F AP SHR -~ /A4 2 138 SHR ~ B ER 2 S 3HR -

Pt s o ie s 3HR S % 2568 2 2 @ % 3HR -~ 3 (v & 472
2 ¥ AL 3HR ~ ¥ 3f P E el 3HR ~ % 2 F ¥ 12HR ~ 3 &
FHEITKAIPMZR2HR » 2 35 [ pF o (F 4 EHpI% 1| &
Z peALiplsk K 1~2 ] PF)
BT B FE RO 100155 [ 4B 475
2H O AEASBFE W)

57,000 A ¢ R

B A

2 pR] 2 -

D1 E 4R 7 (07)355-7586 & AT TR iR AL €

2.3F & % 48 © tscfa@mail.mirdc.org.tw
3FAY PR ®EL VERFR L BT F(RH01T)
2L IAREGE A S RARTRA AR € R EL 1 002-09-018479 (P

FAerIw 2 RFE =) A B LR SRR R ¢
SRR L AHEEE SRR AN TR
g E W o

/,\%
AL

*




x® B

RERESRRREEEREBEREAELZTEEHNEIE | EFEHE | 112 £ 01/09~01/13
v & LEFEHRH BMEFTE | FHERE | E2ERR Nl Em
Al 75 EE I =5, B

AR %% 3h 3k |ooo =2 B

2% 2 {F Jif|ooo #— 4R o

82 &5 A A S AREE A& N/ BAE email :

Z2MEH To| 2INHME mEN=TE =PI oB1T£0
ME 7| oESEE|#EE mpva— offfXIR & w2 HER F A H
X HEFAH BHBFE  EERB - BiF - MUEFE  DUREEEZEE (1)
iR HERSBEIER

FERTE . (HEN) SRR ERERBRIEAEZEEHEHFIGN
2023/01/09 (—) 08:00 ~ 17:00
2023/01/10 (:) 08:00 ~ 17:00
2023/01/11 (E) 08:00 ~ 17:00
2023/01/12 (70) 08:00 ~ 17:00 (BEE%E 1 48)
2023/01/13 (1) 08:00 ~ 14:00 (BEE%E 1 48)




A study of Novec 649™ fluid jets injected into sub-, trans-, and supercritical
thermodynamic conditions using planar laser induced fluorescence and elastic
light scattering diagnostics

e EBCRESSCE S N RIGTR2E YL AR - BERFRMBEANE
&) Novec 649 ™ i BS SR ETHIINR
By Georgios Kasapis!, Shangze Yang!, Zachary Falgout?, and Mark Linne!
Hide Affiliations
nstitute for Multiscale Thermofluids, School of Engineering, University of Edinburgh,
Edinburgh, United Kingdom
2Scania AB, Sodertilje, Sweden

Abstract

his paper describes laser imaging experiments on steady, rotationally symmetric,
laminar jets aimed at observation of the interface between an injected liquid and the
surrounding gas under subcritical, transcritical, and supercritical conditions. A steady,
laminar flow of fluoroketone enters a chamber of high pressure and temperature
nitrogen, allowing direct examination of the interface as it evolves with flow time
(i.e., axial position in the chamber). Vapor/liquid equilibrium calculations identifying
the critical locus for mixtures of fluoroketone and nitrogen are used to define six test
cases, covering the range from entirely subcritical to entirely supercritical states.
Planar laser induced fluorescence (PLIF) and planar elastic light scattering (PELS)
imaging are applied to these jets, to image mixture fraction (via PLIF) simultaneously
with the detection of the interface strength (via PELS). Temperature distributions are
acquired using thermocouples. Evidence for the evolution of the interface, and for

supercritical states, is presented and discussed.

BRI : Physics of Fluids 34, 102106 (2022); https://doi.org/10.1063/5.0106473




Cfd Prediction of Heat Transfer at Supercritical Pressure with Rough Walls:
Parametric Analyses and Comparison with Experimental Data
BEEHEEENBRABEANNMER Cfd B S8 MEEREIZIEER
By Sara Kassem?, Andrea Pucciarelli®, Walter Ambrosini?

affiliation not provided to SSRN
® University of Pisa, Lungarno Pacinotti, 43, Pisa PI, 56126, Italy

Abstract

(Shortened because of character limitations)The results obtained by these analyses can
be considered quite interesting, especially in view of the design of supercritical water-
cooled nuclear reactors; however, an assessment against experimental data was
obviously necessary. Experimental carbon dioxide data published in a very recent
archival paper were thus addressed and were found extremely useful in this regard.
Addressing these data allowed to extend the above analysis to provide confirmation of
the promising features of the model in comparison with wall temperature values
obtained with different boundary conditions. The model here described appears
promising not only for its capability to predict experimentally measured effects, but
also for the perspective to be used in the study of the behaviour of purposely
roughened surfaces reducing the probability of occurrence of deteriorated heat
transfer.
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Abstract

The advanced field of bioelectronics bridges the electronic world and biological
systems, opening a new area for More than Moore and stirring a wave of exploration
in biomaterials. However, previously reported biomaterials usually suffer from poor
purity and inferior electro-optic performance, discouraging their further development
in bioelectronics. Here, porcine collagen extracted from pigskin through supercritical
carbon dioxide is utilized as a dielectric layer in capacitors. A protein-amicable and
low-temperature supercritical fluid (LT-SCF) strategy is also explored to enhance the
electro-optic figure of merits. With the assistance of supercritical CO2 fluids, free
amino acids that might have a detrimental effect on the electro-optic performance of
the devices have been eliminated. After LT-SCEF, the electrical characteristics
involving current—voltage and capacitance—voltage become more stable. The leakage
currents of capacitors treated with LT-SCF drop by 15 times. The capacitance and
conductance also have declining tendencies, contributing to reduced power
consumption. Regarding optical characteristics, transparency and refractive index are
also substantially enhanced. And numerous material analyses further verify the role of
supercritical CO; fluids. More notably, the biodegradability of collagen films can be
achieved with fast water dissolution. Overall, this low-temperature and protein-
amicable supercritical fluid technology brings endless possibilities to explore

collagen-based bioelectronics.
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Abstract

Highly compact and efficient design makes inward flow radial (IFR) turbine a
preferred choice for kilowatt scale supercritical CO2 (sCO2) power blocks. The
influence of geometric design parameters on sCO; turbine performance differs from
gas turbines because of their small size, high rotational speeds, and lower viscous
losses. The paper presents a computational fluid dynamics (CFD) study for a 100 kW
IFR turbine to arrive at optimal geometric design parameters—axial length, outlet-to-
inlet radius ratio, number of rotor blades, and velocity ratio, and understand their
influence on the turbine's performance. The results are compared with well-
established gas turbine correlations in the specific speed range of 0.2 to 0.8 to
understand the implications on sCO» IFR turbines. The analysis shows significant
variations in the optimal values of design parameters when compared with gas
turbines. It is found that sCO; turbines require fewer blades and higher velocity ratios
for optimal performance. The maximum turbine efficiency (~82%) is achieved at a
lower specific speed of ~0.4 compared to a gas turbine with specific speed varying
between 0.55 and 0.65. Additionally, higher negative incidence angles in the range of
—50 deg to —55 deg are required at high specific speeds to counter the Coriolis effect
in the rotor passage. The paper presents the variation of stator, rotor, and exit kinetic
energy losses with specific speeds. The cumulative losses are found to be minimum at

the specific speed of ~0.4.
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Abstract

Cobalt blue pigments, which mainly comprise CoAl,Oa, are widely synthesized as
nano-scale particles using the coprecipitation method. Such ultrafine powders are
necessary for the ceramics industry because of their significant effect on the color of
glaze and bulk tiles. In this paper, cobalt blue pigments have been prepared using the
coprecipitation method and then subjected to supercritical fluid drying. The
differences in their physicochemical and optical properties are characterized using a
series of analysis including X-ray diffraction (XRD), field emission scanning electron
microscopy (FESEM), energy-dispersive spectrometer (EDS), and CIE-
L*a*b*colorimetry analysis. The results indicate that the CoAl,O4 pigments subjected
to supercritical fluid drying exhibit a fine-scale structure, a crystallite size of
approximately 52 nm at 1400°C, and an excellent stability at high temperatures. They
also present a vivid blue color, with improved brightness and hue than those of other
cobalt blue pigments. Furthermore, this study elucidates the promising potential of
supercritical fluid drying for fabricating nano-sized CoAl.O4 pigments with excellent

optical and physicochemical properties.
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Abstract

Physical parameters of supercritical fluids change drastically near the critical region,
which makes it difficult to predict and analyze the supercritical fluid flow parameters
behind the normal shock wave. In this paper, in combination with supercritical fluid
physical parameters database, we employed an iterative algorithm to solve the flow
parameters behind normal shock by deriving shock equations. The change of normal
shock parameters of six supercritical fluids with inflow state was studied by the
controlled variable method and a correlation analysis. The results show that when the
inflow Mach number is fixed, the normal shock parameters, such as density ratio and
pressure ratio, change rapidly in the Widom zone as a result of the dramatic changes
of the physical parameters. When the inflow state is the same, the normal shock
pressure ratio of NHj3 is the highest, whereas that of CsH2402S13 and CioH»; are pretty
low. The normal shock intensity of supercritical fluid is better reflected by the
pressure ratio rather than Mach number. According to the correlation analysis, the
compressibility factor and the sound speed of inflow are the main physical factors that
affect the normal shock density ratio and pressure ratio, respectively. Based on the
main physical factors, empirical equations for predicting the change trend of normal

shock pressure ratio and density ratio are obtained.
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