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Study On Dyeing Silk Yarn Using Supercritical Carbon Dioxide
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ABSTRACT

A dyeing process of silk yarn in a supercritical carbon dioxide (SC-CO,) was studied in
this research. Because this process is a clean technology, so the process enabled a dyestuff
impregnated into silk yarn by avoiding the conventional dyeing media such as water and some
additives. The experiments were carried out by using batch process with a high pressure vessel.
At various temperatures and pressures, in range of 50 to 70 °C and 10 to 20 MPa, respectively.
The acid dyestuff called “C.I. Acid Red 42” were used. The solubility and diffusivity of the acid
dyestuff in silk yamn were investigated. The impregnated dyestuff in silk yarn was extracted by
using a reflux method with ethanol at a given temperature 72 °C for 8 hours. An amount of the
extracted dyestuff in the ethanol solution were determined by using an UV-Visible
spectrophotometer. The solubility of the acid dyestuff in silk yarn were obtained as a unit of gram
dyestuff per gram silk yarn (g ol 3,

The experimental results showed that the solubility and the diffusion coefficient of the
acid dyestuff were increased when the processing temperature were increased. Moreover the
effect of the processing pressure on the acid dyestuff solubility were found that the solubility is
gradually increased when the pressure increased up to 15 MPa, and followed by a plateau curve
as approaching its saturated point. The experimental obtained the solubility data of the acid
dyestuff in silk yarn was in the range of 2.5 to 6.7 },thye/gS“k. By applying the Arrhenius’s
equation, we could estimate the diffusion coefficient of the dyestuff in silk yarn as a function of
the processing temperature and pressure. Moreover, this research used the dyed silk yarn from the
condition of constant pressure at 15 MPa and temperature 70 ° C to test the colourfastness to
light, washing and perspiration. And the result was shown the colourfastness to light and

perspiration were in good to excellent. But the colourfastness to washing was at a low level.
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myafensiuasgiuannsoi 18 lasnismisuanududuvosdfon Tnonsdaned
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a9 1w —4 3 3 o = 9 ye Yy 9
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. e

14929 0.5 - 5 pgiem’ udRahensazaedforinaunumeimsganiunasiinnueniud
gefigaduniesg-iuamlnlas W lnfimes deniimerdnduit1&do 535 nm 91
msazawibounrhimstaminsganiuuasiinnuenniudand1a Semmsganduuaues
msazmeAfonfinnuidudusen uanalddimadin.g uagtheii Idinadrenslinasg iy

sendsmsqaniunmsiuanududuvesidonludvihazasionuea faguf n.1

d' ' A 2y A Y Y
MA13191 N.1 ﬂ’]ﬂ'lﬁ@JﬂﬂﬁuLLfN‘U@Qﬁ']iﬁza'lﬂﬁﬂ@1]719'3']1]?1]1]"1]“@1\3"]

anudduvesadenludhazmaemuen mnsganaunasfina e Indy
100 cm’(g/em’) x107° 535 nm
0.5 0.012
1.0 0.020
1.5 0.034
2.0 0.046
2.5 0.055
3.0 0.067
3.5 0.076
4.0 0.087
4.5 0.097
5.0 0.106
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mssnnuminsazaevesdfonludule vy awnsah1dTae
) { < a
dudulevuidiunszurunsdeudidulolnulasld sc-cosfudnaralu
nszuIuN1sdon Nn1Izguugil 50-70°C AU 1020 MPa wafathAfoussnnngngy

a

= [ o a 4 I~ &
vouduly Tae3sWanddroeniuealSuias 20 cm® Aowviadl 72°C Wunar s 41 luq

q L)

3 o { o 1 4 s aa a ¢ o

natuihmyazaed 1d 1) adimsganduuasdioniesg-iFwamn Tns I laflmes #
' a ay 4 4 & v o <

A711817 535 nm lasAIMsgandnuasvesddeuianuennauiineaslddamsien v.1
S o A day dyy o 1 LYY ad o

nniiuhaimsganauuasvesiddonnla lddrurammanuiduduvesednadauen

¢§ =4 o 1 dy
(g/em’) Faaansam laannsinasguvesidonlumeanuan n deeunisaelall
y =0.0217x (. 1)

& A & P A
e y 18 AMNAANAULTINANNETIADN 535 nm

x fio anududuresddonfianaien (gem)

~ ' A Y g A Y
A13191 V.1 ﬂ?ﬂ'ﬁ@,ﬂﬂﬁuuﬁﬂ LASANUUNIHUDIFOUNTNALLYN

gamgilluminaaes | anuaulunisneass | fimsganduias AnudNduvoed
(°C) (MPa) ﬁmmanﬂﬁu ‘c’alli’)llﬁ’c’{quﬂlwﬂ(g/cms)
535 nm (x10°)
50 10.0 0.005 0.2304
12.0 0.008 0.3687
15.0 0.010 0.4608
20.0 0.011 0.5069
60 10.0 0.006 0.2765
12.0 0.008 0.3687
15.0 0.011 0.5069
20.0 0.011 . 0.5069
70 10.0 0.009 0.4147
12.0 0.012 0.5530
15.0 0.014 0.6452
20.0 0.015 0.6912
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w  fe thmindule lnuneudeu ()

3

AodamsmiuInamsazalevesdionludule Ty
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anududuyosdnanaten M1dy 0.014 182 0.6452x107 glem’ audIvy 910%TU A1

v ¥
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100 0.0195(g)

Esik
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[ 4

° d d a 1Y)
msAnnumanunnudivesmverlasenludmiledgn  aunsom ldninanuduiug
b
@ 1il

p=— (A.1)

4 i Jd ’ J
deo P Ao anunuuiuveimsveulasen lad (gem”)
A 3’ o Jd = Y
m A8 hninluangavesmsuou laven lud Iauviiv 44 g/mol

= o o < d A a 3
v A9 ‘].]iiJ’le‘li‘ﬂ%W’]%‘U’G\‘iﬂ'li‘Uﬂullﬂﬂﬂﬂ‘l%ﬂmu@’Jﬂf]ﬁ (cm’/mol)

1 a ) 4 4 a {
ansamadsuiasdumizvesnisveu laeen lesimiledage v luaunmsia.l 180

qums

po BV

_T (n.2)

We 2 fe Awnwesaniwnase
p A9 anwaulumsnanes (Mpa)
v fin YSmassumizvesmiven laeon lad (cm*/mol)
R fio AAsfiveafiagaunf (0.08206 dm’ atm/molK)

T fie guugiilunsnaany (K)

b ' s @ s A a 2 v
IﬂFJﬂ']'iﬂ'lu’Jiuﬂ’]LW\lﬂME)Sﬁﬂ1Wﬂﬂﬂﬂ (Z) ‘U’ﬂﬁﬂ’li‘uauIlﬂ’t’]i’]ﬂ‘l%ﬂmu@’lﬂi]ﬂ "If\iﬂ"l\lﬂi]']ﬂ

¥
aunsae 114
_._0 1
z2=7 +®OZ (a.3)
A A [ o [
de  z fe AwdnwesanInnaoa

[} 14 .
z UAY z 79 correlation factor

a I'4
@ Ao oztwuasnUnnBS
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v
v o = o 4 [
nadufwamgunglasanuauaaglvesmsueu laoonlud |ddaauns

T P
Tp=— upg P=—
TC PC

e T,=304K
P =738 MPa
T fio gungdlunmsnaaed (K)

P Ao aAnudulumaneas (MPa)

2 2 o & o k4 ~ zs'
engurgiangluazanuduanjiidwaalduansluasei ol wag a15198 a2

AINA1AL

a

M3 A1 gangiioasy) (T) fgamginldlumananes

guvigifldlumsneass | gauglangd ()
(°C)
50 1.0625
60 1.1000
70 1.1500

M197l a2 Anwduaagl (¢) Ranuduildlumsnanes

anuduildlunisnanes CANNAuan3Y ()
(MPa)
10.0 1.35
12.0 1.62
15.0 2.03
20.0 2.70

k4 H
nnduthgunglangluazanuduangllumsedl a1 ua a2 1uTlan1519 Lee/Kesler

R R 4 1 2 T oo 3
Generalized-correlation [28] 1011171 z°uay z' Fedagauaalumsad 9.3
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M3 A3 /1 z°ung z' 9INA139 Lee/Kesler Generalized-correlation Tug9gaimpiinagy

1.05 1.10 4@z 1.15
gaurgiangl (T | anwauasgl (Po 40 |
1.05 1.2000 0.4437 0.1059
1.5000 0.3131 0.0451
2.0000 0.3452 -0.0432
3.0000 04604 -0.0838
1.10 1.2000 0.5984 0.0897
1.5000 0.4580 0.1630
2.0000 0.3953 0.0698
3.0000 0.4770 -0.0373
1.15 1.2000 0.6803 0.0943
1.5000 0.5798 0.1548
2.0000 0.4760 0.1667
3.0000 0.5042 0.0332
sf‘imi]1ﬂ“lm1u'3%’afiﬁwmmﬁ’uaﬂgﬂ%xﬁﬁmg"lmha 1327 Fufidsdenimslszinash

4 1 1 [ Y 1 é 1 4 ¥ o
2’ung 2 e ldaglusnanuduangldandin dem 22uay 2 fdseana 1@ iauanss

A13199 1.4

Myl .4 /1 z°00g 2' 91AA1T Lee/Keslor Generalized-correlation W egaimgiiangy

1.05 1.10 Az 1.15 uaz Anvauaagilnldlunmsnanes

gaumngiangy (T)

anuaAnaagl ()

(0]
Z

1.05

1.35
1.62

2.03
2.7

0.3784
0.3208
0.3487
0.4258

0.0755
0.0239
-0.0444
-0.0716




58

M99 A4 1 z°UAg 2' 9INA13719 Lee/Kesler Generalized-correlation Tugasgaimaiinag

1.05 1.10 tag 1.15 uaz anuauanginldlunisnaass(de)

gangiaagd (T) | anwauaagi (P) 20 )
1.1 135 0.5282 0.1264
1.62 0.4430 0.1406
2.03 0.3978 0.0666
2.7 0.4525 0.0694
1.15 135 0.6301 0.1246
1.62 0.5545 0.1577
2.03 0.4768 0.1627
2.7 0.4960 0.0733

P=y

iialdn 2° uas 7' figumgliangduasanuduanzilire lumsiei a4 udarannsarily

o o [ o { & 4
AU Nneesanunedn (z) 1dlaei z° uaz z unulugunsd 0.2 Feewnnwes

@ A o 9 FIXY) c{
anmmdandiula ldezuandlfnenisien a.5

= 1 4 a AN v o
ATNN A5 ﬂ']LWIﬂLC‘l@ifTﬂ']WﬂﬂE]ﬂ (z) ‘V]Ilﬂfl]']ﬂﬂ']'iﬂ'lu'lm

gunglangy (T) ANNALaAgY (P) z
1.05 1.35 0.3953
1.62 0.3262
2.03 0.3388
2.70 0.4098
1.10 | 1.35 0.4999
1.62 0.4115
2.03 0.3829
2.70 0.4370
1.15 1.35 0.6022
1.62 0.5192
2.03 0.4404
2.70 0.4800
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o 1

3 [ A 1 { -] { A [-] =
1n1TNAIA199 i lRansiasumuasluaunsd 2.2 FsesrelumsdiuanilSuias

9
~

TUNILUDY SC-CO, NYAUH I 50 °C AN 10 MPa ieras Tddad]

dm? x atm

0.3388x0.8206 3 3
v zZRT _ molxK _ 353x & 1000cm « 0.101325MPa = 60.66°™

P 15MPa dm? atm mol

- 1
Aniusas iz ve4SC-Co, Nigamgil 50°C AU 10 MPa 923A1 60.66 cm® /mol

2
dwunlTinastumzues SC-Co, Rgamgil taz anududus uaasdluasied 0.6

d' v a o J L8 A a
M3 A.6 AlSuassunizvesmsvou laven lydumilednga (v)

gangilumsnaces | anwaulumsnaaes Yuassunizues sc-co,
°C) (MPa) (cm3/mol)
50 10.0 106.16
12.0 73.01
15.0 60.66
20.0 55.03
60 10.0 138.41
12.0 94.95
15.0 70.68
20.0 60.50
70 10.0 171.74
12.0 123.39
15.0 83.73
20.0 68.45

3 o 1 a o - 9 [ o 1
il'lﬂuuu'lﬂ'l‘lJ‘iiﬂﬂiﬂ%WW"ll@\iSC-COz ‘VI‘H’IUlﬂ UININTATHINHIAITUN U U UUDY

S : o 4
SC-CO, MAFNATH A.1 FIAIATUHUUUYES SC-CO, NfuIn lauanslunsad a7
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4 i 4 4 a { =) [Y 4
AN .7 Anunuuiuvesmsuen laeen ladimiledngn Noamgiuazanudusen

gangilumisnanss | anwaulumineass ANUNUUIUUYDY SC-CO,
(°C) (MPa) (kg/m’)
50 10.0 414.67
12.0 602.66
15.0 725.35
200 799.56
60 10.0 317.90
12.0 463.40
15.0 622.52
200 727.27
70 10.0 256.20
12.0 356.59
15.0 l 525.50
20.0 642.80

° 1 =% d 3 A a
ﬂ']55’“1\!3ﬂ!ﬂ1fT]iﬂ3@13511?)Qﬁﬂaaﬂuﬂ]‘iﬂﬂuulﬂﬂﬂﬂulcﬂﬂ!ﬁu@?ﬂQW

Aimsazaevesfidenly  sc-co,armsndiulallfainaun1sed19916 (empirical

equation) Y94 Adnan O zcan LAY A. Safa O” zcan [1] A9EUNIS

A
IS

ln(&) =a+ [—b—j +clp—p.) (n.4)

p ref T

1 o 4
X fo Mimsazaevesifoulumivenlaeen’lsd (g, /200, )
p Ao anudulumsnaass (Mpa)
D 19 AMWAUBDIDY HAWIAY 0.1 MPa
A ] 4 o o 3
p A8 anunuuivvewiamivewlaoen Jud (gom)

P AE ANUMH I LE198 TAuviriy 0.7 glem®

=

T #oaunni (K)

9 U
'

g ¥ o

=3 1 o é 9o d‘
abchd ﬂ'lﬂ\WW]blﬂ‘B']ﬂﬂ'liﬂ?ﬂ'lﬂﬂﬂﬂ"li‘i’lﬂﬂ@\i %Qllﬁﬂ\i‘lﬂﬂ\‘iﬁnﬁ']\‘lﬂ 7.8



M19197 A.8 AR a b LAY ¢ [23]

MAINTMTUTUNTN A.1

a -1.655
b (K 2406.84
c(g.dm”) 0.0156

1 = g A o 9 | =
ﬂ']ﬂ']iﬁ%ﬂ']ﬂ“lli’]\?ﬁﬂ@ﬂclu SC-CO, V]ﬂ']ﬂ')fu‘lﬂﬂ']ﬂﬁuﬂ'ﬁw f.4 LLﬁﬂﬂumiN‘ﬂ f.9

P 1 Ay o ¢ A a A
19199 A9 ﬂ1ﬂ15§$ﬂ1ﬂﬂl@dﬁﬂ@h1ﬂﬂ1iﬂﬂullﬂf]ﬂﬂll“]fﬂmuﬂ’lﬂi]ﬂ (X) V]’fgmﬁ

Y 1 Py EY
ANuauA1eg N1glunsnaass
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a

duua

U

guUngl ANNAY Mmsagarvesddeonlu sc-co,
(°C) (MPa) (&pye/8c0,) (10°7)
50 10.0 0.013
12.0 0.203
15.0 1.102
20.0 2.631
60 10.0 0.003
12.0 0.029
15.0 0.277
20.0 1.065
70 10.0 0.002
12.0 0.007
15.0 0.075
20.0 0.352
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M luaumsi 29 (k, C;, wag b) ansoansoiniédlasniserde
nswlsendne dmsazmevesddenludulelnudunnudy Tasldnalnnsgaduiuyaes

Y o a P J 9 o A a 3 3 =
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P=1

o [%] { a 4 I'd [ [ a {
hanuaungaIngavesaiveu laeen ladurausuanuduasaildlunisnaans

q

Cyblp-—
C=Cp+Cy =k (p—po )+ 22 =Pc) (b-pc) @1)
1+b(p—-pe)
& A ' o
o C Ao mmsazay (g, / gg)
& ' o A
k, 09 MIMNMIasaenungUeusns (8pye / Sgiy) (MPa)
b fin MAINYLLGY0IINTIN (Hole affinity constant) (MPa”)
p A9 MANNAN (MPa)
= v oa J I A
P, fio AnwAuIngavesnsuoulason lua lid1 7.4 Mpa
Cy, A9 AnIfiveegT033199uA (Hole saturated constant) (@pye/ By
2 I < a = ! Y
Cp An mmigaduuuulnAvesmisiicnsouninszneld gy, /g,
C A 1 =] 51 [} 1 I~
r A AIMIGAYUNG IUFFOINVNABNIING (gp,, / ggy)

el Cy  uaz ky  luaumsnalanisgaduuvuaesnisainsanildain

o 6 ] 1 a o A1 Y o
AnNdNiugsnidnsazaraadddenludule vauazanuiuigasanudugs uagii
midssnmanduasvesnsl Tasdned k, swnsomidnnanusuveudunsmifiain
1 A 1 A9 9 A o a1 n{ ’ 9 o
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v Y] [ dy
Ténnarmduvesnsm dafl

(4.8-3.4)x1078

(8-0)

Slope = =0.175%107°

% o’/‘ / il
asu -k, =0.175x107° Soye'Bsic
MPa

1 d' Y Y 9 d' t [ é
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Slope—( 0) x107¢=0.73x107°

(3-0)

E4 ] ] T
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0.73x107 = [[0.175x10° )+ (3.4x 10 x b)|

. z[ﬁg73x1(();2;$%._167)5x10*‘ )}

b=0.16(MPa™!)

msvszananinsazatovesddonludule lmuaunsasiuin laslFaumst ¢.1

o I o Ao v Y ' Y] d’l
Tagtheasiisnge Admam ladaduunuaiadldluaunms g

/o
C=|[0.175x107 22288 |, (5 7 3g)1pa)
MPa |

(3:4x10 g, /gy ) (0.16MPa™ )x (8 7.38MPa)
y 1+(0.16MPa™" x (8 —7.38MPa))

C=0415x107 g, /ge

3/ 1 [
Aaluigungiinei 50°C aANuAY 8 MPa ansasuInmmsazatsvesddouludule

[ Y § q < o t A 1Y
1AM 0.415x107 g, /g, waziinngmsnanesdus Aawisadian gty
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