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Dry-Cleaning Washing Systems Using Liquid CO. and Their Detergency
for Various Artificially Soiled Fabrics

Masafumi HaraDa

Faculty of Human Life and Environment, Nara Women's University, Nara 630-8506

Commercially available dry-cleaning solvents, such as hydrocarbon from petroleum distillates (aro-
matic, paraffin, naphthene) and tetrachloroethylene (perc), have done serious damages to our environ-
ment. In order to overcome these environmental problems, we have developed dry-cleaning washing
systems for textile articles with liquid CO. as a substitute solvent. Liquid CO: is well known to be a
greatly promising solvent because it is inexpensive, nontoxic and nonflammable. In this study, clean-
ings of some artificially soiled fabrics using both liquid CO:. in high pressure equipment and aqueous
surfactant solutions in H,O and organic solvent (AK-225), with mechanical force by means of a magnetic
stirrer, have been carried out to estimate and compare their detergencies obtained from reflectance
measurements. As a result, the cleaning of oil stains made with motor oil with liquid CO. has a deter-
sive efficiency of about 44%. The detergency increases with the addition of AOT, while it decreases
with the addition of PEG. This increase of detergency with the addition of AOT might be due to the
formation of O/W emulsions composed of a large amount of AOT in the mixture of liquid CO. and
water, because the solubility of AOT is higher in water than in liquid CO,, and thus CO; droplets in the
water phase would be able to encapsulate oil stains such as those caused by motor oil. On the other
hand, in the case of cleanings of water-soluble stains (coffee, red wine, etc.) using liquid CO., the deter-
gency remarkably increases, even with the addition of small amounts of aqueous surfactant solutions
to liquid CO..

(Received January 15, 2004; Accepted in revised form January 26, 2005)

Keywords: dry-cleaning N34 7V —=> 7%, liquid carbon dioxide #WE_E{LRZE, artificially
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CH3(CH,);,(OCH,CH,),0H

Polyethylene glycol lauryl ether (PEG)

M. W. =58292

(I)HQCOOCgHﬂ
(I:HCOOCan
SOgNa

Di—2-ethylhexyl sodium sulfosuccinate (AOT)

M. W. = 44456

Fig. 1. Surfactants

Table 1. Soiling

T AL FRANLERANIHT 5ikiENE

CF; CF,CF;
N,

C=C
RN

Sodium 4-[perfluoro(1-ethyl~2-methyl-1-propenyloxy]
benzenesulfonate (FT110)
M. W. = 476.21

§rs
CF,-CF
N/
Cc=C
7N\
CF3‘(|3F O_(CHQCHQO)HCH;;
CF;

CF;

a~Methyl-w-[perfluoro(2-isopropyl-1,3-dimethyl-1-
butenyl)oxy]-poly(oxyethylene) (FT250)

M. W. = 143124
used in this experiment

agents of test fabrics

Abridged Materials of white -
No. . Soiling agent
name cloths before soiling
S-1 Acid dye polyester 65%/cotton 35% Acid Violet 6 B
S2 WFK10GM  cotton 100% Used motor oil
S-3 WFK10MU cotton 100% Cosmetics for make-up
S-4 WFK10PF  cotton 100% Pigment/Vegetable oil
S5 WFKI10TE cotton 100% Clay
S-6 WFK30BB  polyester 100% Blackberry juice
S7 WFK30K polyester 100% Coffee
S8 WFK30L polyester 100% Red wine
WFK: Wascherei Forschung Institute of Krefeld.
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Z{EE A (Yamato Thermo-Mate BF400) (2 A 4L,
mfE % 35CICREE L7z, el gedik, HA L
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Bl rEEAN, KiZlemXlem ALHRA 1 i x
BT HEE O FIZEWRETHRIE R L (ZiaiE)
EHL. ZORBHEL ZCOERAEIZEEL,

(243) 29

NI | -El ectronic Library Service



Japan soci ety of Home Economics

HAREZESEE Vol 56 No. 4 (2005)
(a) (b)
Gauge2 Gaugel
——
CO2 pump
Cell DN
- _| LTest fabric Stirrer tip
— O
Water Bath Reservoir CO2 cylinder L
Magnetic stirrer

Fig. 2. (a) Dry-cleaning washing system with a washing bath made of a high-pressure

SUS 316 cell using liquid CO., and (b) the exact position of the high-pressure cell,
magnetic stirrer, stirrer tip, and test fabric

Table 2. Washing bath consisting of a mixture of liquid CO, and aqueous sur-
factant solution in the evaluation for detergency

Liquid CO; Added surfactant  Surfactant concentration
Surfactant .

(ml) solution (ml) (mm)
A 2.2 No added*'! 0.0*! 0
B 1.7 No added** 0.0*? 0
C 1.2 PEG 1.0 4.5
D 1.2 AOT 1.0 4.5
E 1.7 PEG 0.5 2.3
F 1.7 AOT 0.5 2.3
G 2.0 FTI110 0.2 9.5
H 2.0 FT250 0.2 3.2
I 2.0 AOT 0.2 0.9
J 2.1 FT110 0.1 4.8
K 2.1 FT250 0.1 1.6

The washing system equipped with a washing bath made of a high-pressure cell
using liquid CO:. is used in the washing of test fabrics. The total volume of washing
bath is about 2.2 ml. *' Solution A consists of pure liquid CO. and *? Solution B con-
sists of liquid CO. and water, with surfactant not being added to either solution.

WA BRALRFEORW % FthR, VT ERDTEL
WA CBILRETHEHAL, 300Mo%E (A —
J —OEELERE : 200rpm) ZiTo7:. BlRE, 7
K3 BILRELHCCS S, 20fT-7. &
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LS THBL7-%E A~K 22V T Table 2 1275R7.
B, RAEVICEREROREESEANOEIVEEERT.

3) A¥—5—HHRERR
ERD) OBEICHABEL-4EEORHEIEER
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fn&4, 35C, 30BN RAY -5 —HEF%kEEIT-
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Table 3. Washing bath of emulsions prepared with a mixture of water or AK225 with
aqueous surfactant solution in the evaluation for detergency
Solvent volume Surfactant Added surfactant Surfactant concentration

No.  Solvent .

(ml) (ml) solution (ml) (mm)
L water 2.2 No added 0.0 0
M water 2.0 PEG 0.2 0.9
N water 2.0 AOT 0.2 0.9
0 water 2.0 FTI110 0.2 9.5
P water 2.0 FT250 0.2 3.2
Q AK 225 2.2 No added 0.0 0
R AK 225 2.0 PEG 0.2 0.9
S AK 225 2.0 AOT 0.2 0.9
T AK 225 2.0 FT110 0.2 9.5
U AK 225 2.0 FT250 0.2 3.2

The magnetic stirrer apparatus is used in the washing of test fabrics, and the total volume of
washing bath for emulsion is 2.2 ml. Surfactant is not added to solutions L and Q.

DK B\ T AK225 BRIOFE & R iE R AB TR
DOFEMELZZRALSETHABLZBBL~UIZD2VT
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Table 4. Results of washing test in emulsion composed of liquid CO:. and aqueous surfactant solution (PEG
and AOT) for S-2 (WFK10GM), S-3 (WFK10MU), S-4 (WFK10PF), and S-5 (WFK10TE)

Test fabric  Washing bath X Y z L a b D (%) AL AE (Lab)
Before washing 41.70  43.05 43.65 65.61 —1.41 6.54
A 48.65 50.25 53.00 70.89 ~—1.59 5.35 44.4 5.28 5.41
S-2 B 46.90 48.40 50.75 69.57 —1.45  5.51 34.6 3.96 4.09
C 44.45 4570 47.80 67.60 —0.97  5.46 18.4 1.99 2.31
D 50.75 52.50 55.30 72.46 —1.82  5.53 55.1 6.85 6.93
Before washing 57.10 57.05 51.60  75.53 2.72  12.42
A 60.55 60.85 57.55  78.01 2.00 10.92 45.5 2.48 2.98
S3 B 58.90 59.10 55.75 76.88 2.18 10.88 25.7 1.35 2.12
C 60.60 61.35 59.45 78.33 0.99  9.89 50.8 2.80 4.15
D 61.50 62.60 63.80 79.12 0.24 7.64 63.6 3.59 6.47
Before washing 42.70  43.85 49.20 66.22 —0.82 2.36
A 42,10 43.25 48.60 65.76 —0.86  2.28 —4.64 —0.46 0.46
S4 B 44.30 45.45 51.50 67.42 —0.72 1.96 11.6 1.20 1.27
C 46.45 47.35 54.45 68.81 0.03 1.32 24.2 2.59 2.92
D 39.45 40.30 46.25 63.48 —0.21 1.30  —29.9 —2.74 3.00
Before washing 59.00 60.90 61.75 78.04 —1.66 7.78
A 58.90 60.85 61.75 78.01 —1.78 7.74 —1.00 —0.03 0.13
S5 B 59.85 61.70 64.40 78.55 —1.50 6.44 15.7 0.51 1.44
C 58.65 60.35 61.40 77.69 —1.23 7.58 —11.2 —0.35 0.59
D 57.30 59.20 63.35 76.94 —1.76 5.11 —35.6 —1.10 2.89

BHEREIISS8THY, BIBOKHRELET L L, F
WREN 0.4 PITKEL RoT. 2T, FEERE
ATV, 10 B OF A 5 KD 7k B E DT E
& 3WMDFHEGAT D &R 72 B BRI EDOFHEIZ DNV T,
HEBEFLVWHDEER:, ZOZL LY, odkE
ZHETIIEYE LERRKE 3O E LT, ZO¥YE
B L L.

Table 4 (Z/RF & 912, WEEHER (82, S3) %
B biREOHR (RIBA) THELLEZA, S2
(10GM) Tid 44.4%, S-3 (10MU) Tid 45.5% D%k
BHETH-72. PEG1.0ml 2RI L 7286 C TIE,
S-213 18.4%, S-31%50.8%, AOT1.0ml #iRML
7o D TlE, S21355.1%, S31363.6%Tdh o7
EE 55 AOT iR L7258 I CEMEIE k-
2. S212D2owTid, PEG#RML B4, wh_
BALRFORDHE L ) REEN T o7, £72,
HEBERER»ORARETHENS4 (10PF) & EAL
FiENSS5 (10TE) 22w TiE, HREs s LTHE
HRT &2 EH, €ORTFERSTHIKE KT L TR
BREFEMATHIEFERHIN TV AD, R4t

IR, YETHETAZEE L. FOKE,
W5 S4 (10PF) (il _BILRFDOA (BEH A)
THET S L, RERICHYEF06MA L. £
DIz, HBED TOREEIZBVTIX YEH 3.55 iR
DL, B#EIZX o T Pigment D FERFEIREEDS
FALLLEZONDHERE R o7, —F, EEKT
HNh S5 (10TE) 22w Tid, #B B 2RI VTR
DEHFIZBWTHHERICE Y EIET L, E&
KGN OBREIZIE, BEZRILREIZFNITERR
BMERSRZ W ENghotz. T/, HRENELA
IZAL, AE#RVTHIEZ, EZEH LY, BEiEc
L DAETLHELEAOERBBIZL Z2BELIZOVTLEF
fliL7z. 22T, ALIBEBAIROBEERKDE, AE
X B)RPSHEW LBk otELRY. E%5
FHEEHER ZERH L2 BE0WmEME, AL DR,
AEDK/NDFEFN R EZDHE, FOKREEDIEME S
CIZHEEDROFEFIE, S2, S3, S4DLETHHE,
L ALECMERICZ > Tw5 (Table 4).
FERE®RS A~K ZHVT, NLEHEMS1 (Acid
dye), S-2 (10GM), S6 (30BB), S7 (30K), S-8
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(30L) % L7-# 8% Table 512779 . K#ImTIX Table 5. Results of washing test in emulsion com-
WHHENRTE L TE—Y —F A NV EffEIE/2S2 posed of liquid CO: and aqueous surfactant
- o L ¢ S L7 solution (PEG, AOT, FT110, and FT250)

o . for S-1 (Acid dye), S2 (WFK10GM), S-6
it DBE, 2

‘anw_f PEG & AQT & = Table (WFK30BB), S7 (WFK30K), and S8
ADRBIILIEAE LT ChETLE, FRER (WEKS0L)

35.7%, 52.6% &% >7-. PEGHRMERrLLWwEHk

BRI EL R 505, AOT RIMTIREERELET

Test fabric Washing bath D (%) AL AE

THBIEETH 7. %2 CREENHE B ORED A 4.4 528 54l
RERLLDI, EBE FOfb)IZAENKO0.5 3.6 396 4.09
ml % &0 (B8 B) LT 72k =5, PEG %k ig jﬁ -
ML7HE &) REED LISET L. 250, o o os 34
7 v ZRFEEHEHR FT110 & FT250 % /M (%5 G, 90.8 331 3.39
B H) L7:&Ia, BeEEIENEN 25.9%, 138 385 4.03
20.8% & o7z, RIMELZRMS T & (BEL HE], 17.8 1.92  1.96
B K), WEREI3IFTO2REILES L. AOT 18.4 1.99  2.02
Lo REEHABRNOH A, HiE A BT 5HkE 00 —029 149
;ﬁ%b:&@f&‘b‘: AL, AOTO0.5ml whnad 5w 78.6 16.2 30.2
(& L.Oml Mo EEEREOM LR SN, 94.9 23.1  43.5
KEEHEN S O%E, BAEZERILKREZEOAR (BEE 96.3 23.9  44.0
A) THELLEZAH, RARFROEMIIRONE S 96.6 24.0  43.6

96.0 23.7 434
89.4 204 39.1
93.1 22.2  41.3
93.1 22.2 425
84.3 18.3  36.5

#7275, PEG, AOT ##h£H 1.0ml, 0.5ml i
m (% C, BE D, ®IBE, BB F) LceIh,
wWIRbEESRomESFR O Nz £72, PEG,
AOT &5 5 bIRMEZ RS THHEFHTILEI L
AEEDLLEPo7:. S2%HEE, FTkELLY

ToOTMOoDWrEr | DOl OO DOTNTHOOW R R——IT0TMHW

&, WEIZ16.9% b DENROND I & EH~RD L, 0.0 —1.90  1.50
S1 CHREHEHAOEEOE N L 2 EMHREOE 561 257 3.9
hEVEETER . F1REE Foftb) M $6 o i
BOK0.5ml #RML72HE (B B) Tl 78.6% 619 3:01 304
LY, REGEHABMOEEIKEZOEEL SR Sl 3ge 463
b, FITKROBMEBEFEZEFTTH7:0K 1.0 00 007 oar
ml, 0.2ml #@HEML7zE A, REDRIIZFREFR 86:4 6:58 8:76
84.1%, 64.9% & 7% D, KOWMEA S\ T L BEED 89.6 6.8 12.0
Kﬁ‘%( &éﬁrﬁ]ﬁ‘ﬁfbht FD 7\}., Zk@(?ﬁb[]% S-7 88.9 6.82 11.9
PO VS (0.2mb) 2, LEO AOTHERMTH 81.3 6.11  9.42
HEEH93.1% T THLEL, FEEERIRNOR 62.0 4.43  6.74
RAPEHIRONDLEXOND. —F, 7y EAR 00 —029  0.33
MiEHAZ 0.2ml ML 723E&E G & H T, £ ¥ 63.3 411 5.34
N 89.4%, 93.1% &%), KBWOFRMEN L% VI 88.8 6.11  7.63
bEDLLTHVEENRIFLN. S8 87.2 598  7.70
KUz, HEAS6, S7, S8V TIE, WK THEE 82.7 5.61 7.25
fLREOH (il A) CTHEFLZEIAELERS 83.1 .64 6.83

N7e7r o7z (Table 5). i E TEZNEH 98.5%

89.6%, 88.8%, HISF TldZh 2N 86.4%, 88.9%,
(247) 33
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25 A
Fmac

HARE

87.2% & %z 572. S6 TId PEG O F &N EILH
WS, ST LS8 TIHIFEAEEDLL o7, R
EHARMC L 2 EELRANL -0, R B Tl

L7z&lh, FNFN56.1%, 86.4%, 63.3% & 7%~
72, ST TR B & F TR ICHEE 2RI
SNV, S6 & S8 TIXREFEHER OFRME R
IaMEPR O N —F, 7 v FZRFEEEANE
DA, ST TIXFTL0 OFMAHEIZL Y, S6 Tid
FT250 ORmMzhRIZE D, FRENHEEDHFTITE
L AEFSR LN,

2) vy —EHEIC L LG ARG O

#HE®RIE A~K #HWVT, ALFESRA S (Acid
dye), S-2 (10GM), S6 (30BB), S7 (30K), S8
(30L) %k LI EO®REMBOHEE AL, N>
5 — 7% AE % Table 5 IZ/RT.

WHE N S2 TR BILKENA (BRIEA) @
T AL, AEWTIh LAY, AOT DAt o FmEiEHA
RRMLTHELZEEL YV RKELL->TBY, FRIC
AOT # &L WIBF TAL, AEEHRIKELZH-TWw
B, —7F, KEMWHBENRSL T, IEATHRELT
b AL & AEIZIZEAEEETETIZE. B E
FOWThDOBEEDL AL & AE DB R LN A, %
BB D AE=230.2 L I#ET 5 &, FEiGEEAIOFRMIC
IAEEIKEV, 2F ), FEEEHOBRENLD
BEEBICE S AL (HBHWIEAE) OB KE W
B, KOBEERMTAEHA LD, PEGKBERZIRM
L BEORIIEARKEVWI LAY 0 s, T2, 7V
FRREERFAERN RIEG, Wi H, ®ED L
72EZA, WTFRLADFMEA0.5ml & ) 4% <,
FDHABBGC L] RIEND L, FTII0 ORMES
0.1ml &4 iz 2hrbod, KkoArriRML 7
BELDH AL L AEDKRE LML TV 5.

ABEHFHEN S & S6~S8 2B TH L, S6~S8
D AL (BT AE) 1% Acid dye THEF S L7z S
DAL (BHAHVIEAE) B EBEELEAMSR OS2 WE
b, T7:, 4 EEOREEERKERZRML
234 (BB E, $%RisF, B G, B H), win
LAZRMLUZSE (BB B) &0 AL 25N AE
AREL, REFEEREZRMLCEZEFRONS. S
1, S6~S8 VTR KEUDIHENTH Y, KIZE
LR TWVWPEGIZL ABN-REHOENHON
TWwWhHEEZLNS,

KIT, WARTEIbREERVREIC L 2EELIC
OWT, S1 & S6~S8 DM TIEAE DEALDEE)
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WHLEMSR SN S, FIZIE, Table 52T &9 12,
S-1, S6~S8 2B E T T 5 L AEIXZENEFN
43.6, 7.20, 12.0, 7.63 £ %0, S6~S8I2k~N, S1
TREEOEAIKREL, BEZBRIURELH VL
BICLAEBENEHETHLEEZONS. — T, #
BBEEPLEBETLE, S1 & S6RARETH BV,
S7TRS8 LY KEWV. Thbb, S1&S6EFVThR

LIS ESEEIAXIVICLEL LT, Y2 —RF
ho S6 TlrmENEIIZ/NE VDS, Acid dye D
FEHEND S TREZEOEMIKRE L, BBRIZLLE
BELAEWI LGNS,

(2) 2% —J—HHkiEAER

1) FEREEREH kS

FEHRBL~U 2HWT, ALHEHA S1~S8 %
A% — T —HHEEF LR % Table 6 127, S2,
S-3, S4, S5EDZEHEFIZOWVWT, KDOILDER
(BRI L) TRY =7 —HBREEZITo12ETA, §2,
S-3, S4, S5 THEMHRIZFNFNG.3, 14.5, 0, 0
%Erot. —F, 7vEREA AK22 & (EE
Q) TOHEEHFTIZBVTIX, S5 (FAEKFIHER)
rREFRBEOERGIERL LT

T, AR TEBILRFZREOEE & RIS
NO—ok LTIHREMS2 %280, KAkl T55%
B AREEOREEEAKBSERERML TR ZIT-
7o ®iBEM, N, O, P TOREMEIIZENEFN12.3,
17.3, 3.6, 7.2% &% Y, AOT iRl 7%mE (%
BN) ORGHENEDEI 7.

Kz, 7 v ERBH AK225 # AL THRIBTA
¥ — 5 — R EIT o, KEEEL L &L
CREEHHARBERZRML TRELIT o728 25,
HHBER, S, T, UTHENFRRIEAEFN13.1, 18.1,
44.9, 39.6% & % o7z, SEIIKERDO L X L HAX
HWERELSME LTS, AK225 04 (EQ) @
BEEENDE, REGEEAKERZBMLIZEED
HEHBIIRKT30.5% X TIRT T 525, KEMAKIZ
7 v ERREEMR 2 RML/-L & (FT110 TiX 3.6
%, FT250 TIX7.2%) LH~2E, AK225 A&
7 v FRREEEH FTII0 Z2/mMLA- & & (44.9%)
DFHHI 41% DEHEFNEOR EHFRONS.

IIT, Ay —T—#HEHH LR ERILRE
Bk, KR AK-225 BRI A MK E T 55— T — 1]
HAERLREIIBNT, BROERIZAZEICX
DB RIZTTIEEBEROEEIIOWTRE L.
—FlE LT, S2DEEHERIZONVT, Table 5 &
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W TBRILRFZ RO BE D AT A L SEATHRAIIGT 2 kit

Table 6 \Z/RT S2 D DIEXLE L. ZO#E, #® Table 6. Results of washing test in emulsions pre-
o bR EA AL LCHW %S EBA) O pared by the mixture of water or AK225
BA L AK225 BRI A AL L THWARY — 5 —1# with aqueous surfactant solution (PEG,

~ ~ ~ A . N K. - AE-N ’ y f i
HikE (IS Q) OHE LT, HEMECEELE gy a0 for test fabrics
WIIR N, ZoZEid, RIE_EBEILREBEFD

MPEH I T HENREEEEERL TV 5, Test fabric Washlrlig bath D é‘)é,) 31470 0456
KEPEBEN S-1 OAIZOVTH LI S2 & AR Bk M 12.3 .40 1.62
BafTor 8 25, KEBMEE T A IBORE, Rl N A
EHERIOFEINTIE 89% UL Lod ik L R L 7. $9 5 4;623 (5)28 ég(z)
—77, AK225 & (% Q) TIIHFEHFE TRER R 13:1 1:50 2:02
BROZ{EER SN Lo (RESHE0%). AK % }ﬁé g-ég é?é
225 AR L Y A RBICSFEREE SR R L & U 39.6 500 5 24
25, AOT I (BB S) & FTIL0 @ (B T) S.3 L 14.5 0.70 ~ 1.76
THKIED & 5 2 RO BEEE I 5 7. 5 N I ——
AK225 6K TUE, AOT iRINEE O BE 1% 347 91.3% S4 Q 410 530 5.30
LEvht, PEG iRINOB A 13 60.0% & 7 1) #50 ikd S5 5 S S A
MEP/EON LTz, L 85.2 184 34.4
S50, WAECEMURERG LR, ALHRA N o %g g%
S6, S7, SBIZOVTHAREEIKE TH%E (B 0 89.3  20.1  37.0
L, M, N, O, P) CH&RBLT-72. WFhok S1 5 0 0w 19
b AOT I (RIEBEN) OBA L0 b PEGHM (¥ R 60.0 10.6  18.6
M) DBEOREMEADT B k72 S6 2 o Ly o
TIZPEG # iR L 25 RAHFICEETH S, 251, U 57.1 9.9 19.6
S6, ST, S8 Tik FT110 /M (%5 0) 2 I\La ggg §§8 ?gg
WIE FT250 8 (#B1 P) OWmEMESKRT T 4@ N 76.5 4.63  6.52
s, L9 fmoem
KAz, AK225 %KL T 5B TS6, S7, S8D " Q 6.8 0.36  0.52
25— 5 — kI L o AK225 04 (il Q) : - S ¢
DL, S8 TIRBEREA 3.1% LI VAT, S6, ST T 74.5 449 6.54
CIEENENGS, 15.4% Lk 5. IS PEG i 3 e res re
(EHR), AOT & (EiES) 5 &, BRERFIZ M 99.5 9.12 13.9
$6 TIHENZN60.3, 85.0%, ST TI80.1, 9.5 5 o gae 1
%, S8TIE17.8, 68.7% L%V, AEHTAY —F— o7 P 88.7 7.85 11.8
R L7 ST, ST TRUF D ik 9 R S
HRIE, S8 TIEVTFRLRVWERIFRLLE., 7, % gg-g gég gg
FT110 s (3% T), FT250 & (%# U) %2479 U 485 382 6.92
L, REHRIVTROAOEES, FTLI0HMO L 53.9 4.49  5.53
Fi4 FT250 AN L ) b B ARLTWA, N oy b I
2) Ny y—(aEHED L B PR T) L 2SB G0 S 0 61.8 5.27  6.85
Ttk BEAL R B OB A L FARIS, SHRES L~ 548 o S
UxHWT, ATELRASI~S8 %28 — 7 —fi 1; é;? égg g%
E L7 ZORERIBOHBERE AL, N2 Y —fE T 52.4 4.34  6.16
AE % Table 6 (2R U 9.5 370 4.65
AL, AE DFNDEFIZDWTIRET 5 &, ERO
(249) 35
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HARBEFERE

FEEIKS THRENRDFKEL L BIEE, AL, AE
BT KEL B ->TWE, 20X ZFEFNIZHEE
TEILRFELRE D AT LADBA (Table 4 & 5 Wi
Table 5) bR o5 T3,

Vol.

HPEH N S-2 FEAIIIKBOBEZETH LA TH S,

AL & AEEIZETOEVWIR SN S, AR ZERLE
FEHWEREOES LR, HERE D IKEL
b, HEEA RLPVICBEAE B RKEL 2 A1E
mARLN, KAOFEFNELCIZE->TWnAE, —F,
KEMWHEN S1 HEAIEFOEHE Acid dye THf S
N-BEBTHD. D7z, Table 6 SBHL %
912, S2oBEEHNEE, AL L AEEIZKE %
EWHFROLNL., FFIZ, BBEN L O R RET AL,
ALEIZIZIZE A EEBODS RSN WAS, AEHEIZ 0.5
DEVWHIHELNS.

T/, WA BILRFLHCREICL 2BELD
WA &R, KEMHENSL L S6~S8 DEITIX AE
OEALDEHIHENR SN S, Hl21L Table 6 25
HOkLHIZ, S1O%ERNFEILSE6, S8 LD
EEEMIIKREV. —F, S1 TREEOELI» KD
K&, S6, S8 TIIEAEDT(LALEM/ NSV, T
bbb, BRERFENHEA S1 TIEKD 5 \nid AK225
BRI L AHETOLEBBY, Ja—AFHNSH6, 7R
TAVENSSHERAIZHRBEEFICRONLEEZDS
na.

4. % =E

(1) WEHFEh oSN
FENEGRE—F —F AN ThDELEAS2 (WFK
10GM, #3 100%) % ilEFHFhO—FlE L THRY EiF
TEETH. ZITEREHORLRIEHEEENEFNS
92TV, SEEIEOFHEL KD, KRIZ, 20
FEMEM OB EERELIT, SREEFHEOBEER)
HOKNB L. B, AEAKESRL LT (A
BEVNHH| L LEEEERLS [>] T, 5%KiT
[BEEMN V] L LHE%ET [=] TRL, &
ERRIZOWVWTOFEF & DIiF7:. Table 5 IZ/RT EEH
PR & KO 72 RN FHE IOV T, R TERILK
FEEARLTHHBTIE, REDROFEFIE, BETF
SHB ASHBESHE B> H>W®BE G Lo
Twv%, Table 6 IZ/R L2k 5#HEET DHEE, T
BWN>TEB M>ERP>HREL>EHOTH A, £
7z, AK225 2 L T 23T, KEkLT5
BE I HARERWISHEDEI T, FEFEEANOE
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BOEVIZHRT B RENEOEVHEEFIROOLNS.
S HICFEEERIG TR AR OB NI X D iR
DB #4TH &, PEG TI3#kis R=#i8 M, AOT T
EEER I>EIE S =B N, FT 110 TIE&%is T>#%
B G>UEIE O, FT 250 Tid#kis US> H> B P
Eb. AOT NMNTIREEDEVIZ L 5 EZ I HEY
MNEL, TEbRFEHART AK225 ARICICET 513
EOWBHEERTIENHALSHTH S.

NV F—FE AE L AERBRFM TR, EROK
HREELLRD LN LEFIEOFY|EITLEALH
U D AE DFHIHFB LN TWAE, &S ICREENR
FAN R E AR DENZ L BB EOL B EIT - /2
AL, RERFEDSKD SN L EREDIROFEY] &
AE OFFIE IR U Z R LTV 5.

HRA S-2 Tld 7 v ZREAH AK225 2 ik L 5
EEL, WA TELRELEAL T AL ELOWEENS
HEBETHL I EWSH 5. Table 5IIRT & 912,
BHEZERRILRFEOA (B A) OBEBETHH4%D
DEREY T, WA CE{LEEIZ AOT0.5ml
WIL72%61, REFEROFRMIEITEE RS
, AK225 BR|OA (HE Q) 5B\ id AK225 B#|
W FT K@@ EZHM (KHE T, U) LE2BELIEY
HEEEZ R LT E. WATEILREIC AOT DSto
REEER RN (REG H) $54&, BBEYERI
L LAETTA. Kizxtd s AOT OEMREIHRE—
BALRFIIHTHEREL D DE D, w7k
BRICEBL TWws AOT A LERMIIT &
ACERET, KEPICBRLI-TETHET Y. £
DS, PHE_EILRFHFTWOR LY 3y
EERET, ©LAKMERTEEICHFLET S AOT 12
INVEELOWERIIY VY a v 2R TAEELD
npmY  Fi KB TIEIAOT 2HEH SIS L
YNy ayBPEGYrOoEREINAELIIN 3 LD
bIEbREFO Y Ly PORERICER TV S L
Zxbhbh. 2070, KHERITAOT 2L YK
EN-O/WITLYaryO_BAbRENO Y S Ly
MIERAD OBEB L 72K TDE— 5 —F 4 VHED
AFNRELSN, BAEIIE S LHEENE.
COBHT, AOT DEEZNFES PEG (I HAMITHY
WWKEL o TwheEZLNS. $£7:, FTII0 &
AL FT250 KW A BIML 7256 T, k&=
AELCETT S, 2, 7y ZFRFEEHANE 7 v
FEFEAET L0, AOT L0 LB ZEbRE

ES

BB LPTWHRE H->TWAOTHL L FHEE
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WA BLREL RO ERE S AT 4 L SBATHERA T 5 kM

N5B. ZOD 7 v FAFHETEER DA X
THRARETEY, EEHEOETIZORF 720D L

EZbNbA. 209 Z, 7 v FRFEERHIKER,

WrEE I LFE % 5 NS GBI 0 T AOT 12
FHoTWbILLFRTHL LHERESNS.

PEDS, AR ZERACR FREA T TImiEEoR 1
+ MR EEMA AOT 2i/ML THET 2 00% D
MEBLHETH D, @A EILEEIT AK225 BH

WL i et h 2lRE LT VwEEZ LN,

—7, Table 6 IZ/RT & HIZkxEEKET L S20
EETIE, PEGHI (BB M) & AOT i (ki
N) (& &S| LET 555, PEG & AOT Lsto
REEHER 2 BmMLTOENSHE DR AL V.
AK225 # R L T A% TIX, TRIER L3RI S Tl
VEERENELCET T4, SR T Lk U Tid
BEAERIEPR O, 72, i B LR EE

ATIE AOT IS L D PEERIESM LT A DI L,

AK225 AR TIE AOT RN & D B EE T T
5. ZhUT, AK225 A0 E b A _BRILik R
HKOBE LRI AOT 254525 WO LY 3y
AL TVAENEY FREFROBHRTPIZBITS
AOT DS, W/OIwLa DX, Fav
Ty NOKGFFORLEED I 7 uBENELR BT
OTHDHETHRING., FHEHEEHR & EFH OB,
WP TORMGEERI T FOEEHEE, FLLIREL
EDHISHOFETHA.

(2) KEWHENOWEGEHE

1) #/R) AT IVIRFEM

KEBHFNO—F L LT, H5 DT Acid Violet 6
B T& 5544 S-1 (Acid dye, #/F) T A5 ViR
¥ (65%/35%)) ZHLY FIFTEES S, Table 5 (2
N RERGTED O RO 7RG S, Wk %
fLRFZLAHRE THHRBTO®RE L, B ES®E
F=skit H=3iE GOBRIE B>RIE ADIETH 5.
Table 6 DKRE AL T HRIBETIE, TIEMSEHBP
SHRBOSHIBNS®IEL &4 5. [FMIC AK225 %
BARL T AP TIE, i S=RE T>HE RE%kE
USHBQLLA. SHICHEREADEVIZEILR
EHARIBI O E T 2 e T 5 &, PEG T M>
i R, AOT TG I=kE S=kiE N, FT110 T
PR G=EEIE O=RiE T, FT250 T3kt H= ik
BP>BWIEU LD, T/, Ny —BEAE DG
ONTAERD D, RERIFED L KD 5N 5 EEHHR
DRNDFHNE AE DFNOFFIAFE CHEHEIZH 5 Z

(251)

LT DA.

KiEMHEN S-1 Tld, Table 5D & 5 (2 Ak B
REOH (BB A) THEREEL LRV (REHIE0%).
MMEHEN S2 OBE &I, FREIEERIKBEEROR
ML) BN ERGENEIBRONL. KOKRMOEE
(EHEAE 78.6%) & FHEIFEEFKBERMOEE
DEENLIET L L, FEEER 2 RML 256D
EESENEV. ZhE, REESHSREOHEROR
R E B E I ERSETw b ot EZ LR
5.

— ), KEBEARETEAY — T —HEBRETIE,
PEG UM o SFHEESEAREM (EE N, O, P) T,
AR AL R F AR B o R G A KA TR
LT®&ELSHE GRIBG, H, ) LEEBEORE
MEDROND. A, AOT O W/O <Ly 3
PO HNEAR B LR EPICER SN TV BAR,
KBEEDOHENBREZCOHENIMEAT A2 L EbR TV
5. AOT OREEMIERICL Y, AR ZEILRESR
TOW/NOQI=NLary (HbWigit) BnLo%
Elbash, 2o P BLREFEDTOKBEEFLO
EESFEEN LEEETVEbDEEZ NS, T/,
AK225 O & (% Q) %k & F 3B TIRBENIZ
FrZz S e vas, AK225 BERIC RS AR B &
WL 726, BA+ o HREIEER (AOT, FT
110) OBz L Y SWkENERT. —FH, FEA A
CHEREEMER] (PEG, FT250) ORMIC &Y sk h
RS CET (REHE 57~60%) T4, D&
WKEBHENROSEE, AK225 ik TlX, B+
HREEEF OBE DDA + o HREEEA O
NEDDLENWZ LTI 5.

2) RBYTAFVHEM

BN DHRTA > THAHFHEGRA S8 (WFK30L,
KT A7) 100%) % —Bl& LCTHRY) EiIF5.
Table 5 225 6 H 7% & 912, A T BILRE % #K
ETAEBTIE, BB S1OEEEFRCEmE LD,
N ORFIITER ES 3R F=kil H=0kE G> ik
WB>WIBEA L LS.

7, Table 6 225, KEFHEMAL T HEKBT, ik
THEBRE P=kil M= 3 N=iE O> %t L, AK
225 ZIEAR L T ARBT, RIG S>O®IE T>®IBEU>
B R>UEBQ &% 5. KEEEL LTHWEGES,
FUEGEA OBZE I L S TRAE BRI RBEAE TS
L7z &L D EHREHBRETL, KOAE R
m (EHEB) LABmELFEEORBDIERTHL. —
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2L NG
FREE

AARE

F, AK225 iR L L-gkiEClE, BA4 U HRE
EHA (AOT, FTI110) #SMNO S TOWHEFRIZEIT
50% A ETHB. ZThid AK225 BRIFTHRERA A~
HREFEERES 4 R EFER (PEG, FT
250) SN BH/ENIBVTERLTHAI L EZREL
TW5h.

RIZ, HRAS1 OEELFEBIC, REEEDEN
&5 REEERFITORB 4T &, PEGRMT
R E> S M>iB R, AOT Tty F>#iE
S=¥i N, FT110 Tk G> kil O> il T,
FT250 Txkis H>WEBE P>H®E U &b, Ihb
D) BLREAF CHEREEEAR FT110 OFEFIIDWT
X, S1OHDHELIEMPERLZ->TWA, Thid
EHEEATRORXE (FOMMME) (fFELTwaELS
FEREEEA S FHEIERT 520 FROPRZSL Z
CICHETAEEZOND,

T/, Ke@EAhRETHHETIE, S8DEHE, Sl
DEFEELERT25% LU EDERCEEBEIEIESNRT
W5, THIKEAR L FENGFREOMEEROEWIZ
HkTHEEZONL. KEMAIZFT250 2 3Mm (%
WP L& L FTI0 235N (B 0) LBE
DEENRLRET L E, SITRIFEALENRS
Nwh, SETIHIUBRENENRONS.

K2, BNESH T T s R) =Y 12— ATHbi5
#efi S-6 (WFK30BB, KV X5V 100%) (22w
THRET L7, MG ZBILRR LA L THHETOR®
BHICBWTSSDBELRAILFEFZRLTVS., &
AREESREFER L EOHREHR, AL, AE
DRESOFH| % SEDOHEF LT 5L, WHEIZFE
CHEIZH B ENELNTH 5.

BRIZENES P I - —TH 2 S7 (WFK30K,
RYZ ATV 100%) 122DV THEF L7z, Table 512
AT REREED O RO 7RG FEM T, WA R
REZEMEETLHBTIE, RIBESHRIBF=%EB
=WH GOWHHO>BHBA L VWIFRFIEARD, Rl
ERRORMSEIEONS. —F, KiEEE AW
EFICBWTHIEETRE AL, HFUESTHH a—
L —DARANDBBUFBRO TENIEICXY, ®E
M T9.5%bDEEHERERTILETHE. ZD)
A FREHEEAI T, REEAT RS & THREDR,
AE DFEFIZ B L2 2 A, PEGOBEDA, D
F/NBRDNERL % & BRI EDOFFIHS1, S-6,
S8DVTNDOHBEFELELRELZ->TWVE, T, KD
ATHTFICEENFBVI L EMSHOBERLED S
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EEZOLNL. 7y RRFEGEHARRM (G T,
U) OBFEIIDOWTIESH, S8 EFUEBZRL

AK225 BHIPICBWTOIEA F v REESEH LD
b A v HREERFOEE VBN TWEI LS
R

BRI, KRBV THREFIHER L-BOBG
b, FREEHERSIEEDE L TREBESATY
B VIEE, AV RATFLAOERICAENT, 74V —
REDBEREICE VERBROHE B EY KSET
TEAL L REESRE 74 V7 — 5B L T, ZEbR
FEAWBLTHHATEL AT LADBENLEINS.

5 8 B

1. MEENVEEREEE T 5HE BILRERE Y
AT LEERELT.

2. E—F—F A NVIZ L BMMHEREREBILR
FREDOATHET S LM U DREHENEON
2. &5 AOT AN & » TEe&spRIGH L L,
AR5 HIKDBE LV E L oz, KIZHTSH AOT
DEBRENEE _BRILRFZ Bz, wmimL:
AOT 3R B L iR BB T ARMPICER L T
WhbkEZOND, WETELRERTTOBREOR
WW/ORIZIVY a yORBIIZEAER N2
e TSN, KEPTEBICHFET S AOTICLD
e O/WHEI2 VY a3 VAR LDk ERE
OmENRONIEHEEEINS.

3. B BRIk RIEATKRKEEGEL 2 EHET 55
13, FHEERIOBENENEZICRON, S0t
ERFEE ol

4. KRBEMHBENROWEEIZB VT AK225 BRI RE
EHER 2RI 2546, BA 4 A EREEER ORI
TEEVEEEEZR LY, B+ HREEERO
ANTIETREHEREETLL.

5. HEHENL L IZKBEBHENOEREIIBNT,
WERNE D, HEE AL, 7% AE O K/NMIFE LFES]
e L7:. 72, Acid dye (FAGD X ) ZBFEFN
WZoWVTIE, BRENRIKREL, £0) ZBEFIZLS
FEBEIKEVIEIREN. BEHFLIIHT 5%
HEHOFM% S NICERBBEOFFMIZB VLTI, k&R
BDEBEAE ZHHTAIENET LV,

ARFFEIT @) PEREHFER S OFR 14 FEMZEBI %
IFTATDNIZDDTH D, BREMICHEEZRT 5.
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10)

11)

12)

13)

WA TR LRFET RS Y AT 2 L FRATIH AT 5k

51 A X ™
EABERE [F9A&YV Ty b Y= N0 F
7w r), &FE T AHEHt, #iE, 4-18 (2000)
B A2 BRBRESRONIA ) =0T, 8
28 EEEFICET AL VR Y Y LEGE, 45-57 (1996)
EEZ ) -y SEEFHERERAGESSR ) — 2
FEMEE &)  REOI -0 v ROy ) -2 T
gy -z uuxd L OGRS T OIS,
HariEk, 30 (5), 11-14 (2000)
BFHEE  WRCEBLRZICL A2 207, R
OFEFE, 44 (1), 2-8 (1999)
FHIEE b Bk FE ) =TIl onT
BOFHE, 45 (4), 38-39 (2000)
wHEZ (EE)  [BERAREKOT<T), 77/
AT L, EE, 77-100 (2002)
Foellner, B: Optimum Process Conditions for the Re-
moval of Stains in Liquid Carbon Dioxide Using
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