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Dyeing of Wool at Low Temperature
- focusing on solubility parameter(0) -
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Abstract—Wool fabrics were dyed with the aqueous solution of C. I. Red Acid 114 mixed with methanol
dissolving three kinds of barely water soluble ketones, acetophenone, 2-pentanone, and 3-pentanone.

The steric hinderance and the orientation of the bigger hydrophobic part of the solvated dye molecules to
the fiber slowed down the dying rate, however, loosening the wool molecule, say a little swelling,
disaggregating the dye molecules, and attaining the higher dye concentration on the fiber surface by the
added solvents increased the amount of dye on the fabric. The higher concentration orfand the higher dyeing
temperature helped loosen fiber molecules and made it easier for the solvated dye molecules to penetrate into
the inside of the fiber. Acetophenone, the most influential solvent used, showed that the ability to loosen fiber
molecules was the most important of all the three positive solvent actions mentioned above.

The considered mechanism provided before reflected the fact that the dye uptake on the fabric dyed with
the solvents included, except for 0.034M and 0.051M of acetophenone, was even lower than that without any
solvents at 50°C, but all the solvents added to the dye bath increased the dye uptake on the fiber at 70C.

Keywords : solubility parameter( &), solvation, disaggregating, steric hinderance, loosening fiber molecules
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Fig. 1. Molecule of C. I. Acid Red 114(MW:
830.8, Amac 512nm).
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Table 1. Group contribution to cohesive energy
(4E) and molar volume(V) of C. I. Acid Red
114

groups AEJ/mol) | V(cm’/mol)
-CH; 4710 335
phenylene 34940 524
phenyl(trisubstituted) 34940 334
phenyl(tetrasubstituted) 34940 144
-CH- 4310 13.5
=C= 4310 -55
-SOsNa 240000 33.8
-N=N- 4190 -
-O- 3350 3.8
-S0»- 11300 325
-OH 21850 13
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Table 2. Amount(a;) and molar volume(V;) of
major amino acids in wool

Amino acid Mol %(a) Molar volume(V;)
Glycine 8.6 25.6
Alanine 53 417
Phenylalanine 29 96.0
Valine 55 41.0
Leucine 17 90.5
Isoleucine 3.1 90.5
Serine 10.3 37.6
Threonine 6.5 54.0
Tyrosine 4.0 88.9
Aspartic acid 6.4 531
Glutamic acid 119 69.2
Histidine 0.9 55.6
Arginine 6.8 79.5
Lysine 3.1 91.9
Methionine 05 86.0
Cystine 10.5 58.0
Tryptophan 0.5 89.5
Proline 5.9 61.0
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Fig. 2. The effects of the solvents on the
dyeing rate at 50°C. The concentration of three
ketones, acetophenone, 2-pentanone, and 3-
pentanone is 0.051M in 12 v/v % of methanol/
water dye bath. "Methanol’ in the legend box
means 12 v/v % methanol/water dye bath
without any ketones.
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Fig. 3. The changes in the dye concentration
permeated through cellulose membrane from
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centrations are the same as those in fig. 2.

Fig. 3¢ &ulEel 9§ |45 d&A3 A=
& el giske] £AF 1000 o5t ok
cellulose bag(wet cellulose dialysis tubing, m.w. cut
off : 1000 )] 5747 AAES o] SF§ Kol
T2 F 50Tl 2R Ao gFge
2 FiEe] UL g8 ¥=F % F=A=



ozl A A 59

& A>3p2poMe S §ulEe) SR
B8] QA e,

94 v Sole A5 ¥ bl gfrelE o
& WAL o] A9E B AEF 29
BEge deluchs szl ke FE Ho

L.

i o

fa

74k o] gl (s g0t Fre] &

= setlel(o W 2kel AR | ow - s
= A<3P<2P<M<Wo] $£Ao|nR fujr} ofn
o|¢hsl= 5L o]7le] &2l AS3P2P>M>WI
Holeh. 22|l Afude 98 = 9 L
+AD Aolrk Arkgk &tk 2esiH oA
GA] QAL A>3P>2P>ME| o R AEE] 44
gt

A7k e dEe S AR A
o &zt =l duEA T AT A=A S
7V AFAd AFRE o|F=dl EvlEl(solvation
number)= 9B ALy LImalenie] §p8)
2mie] seAke AuiFL | 5o - ds| o REF
Aotk & 98 2599 Evisl S(solvation
number)i= A>3P>2P>M>W Zlo|th =gl o]
29] $3lpr) oA E o]Fo] xolA A7 A
=27} Aol dx 94 8vlis 47 23
frle) EAtFe] £4-5 d& oA o)F3k= &
=7t o A=k SoE A WA g
8o U g5 98 &gl o3 o] o
FOABR 1 o)|FEEE FA) oHrh 17
Y FHolgles 98 AR} iHERE e A
ol x A dEe A At He) A4
F2 olEsha A A Wiy el St
A7t BHE olF 2 ek ©]RE Fig 3914
Wl 3BjRR o|FdlE £EE A<GP<2P<M
w4 Ae|rh

a8x dudAs sk A2 Al
AEshed &zt 4 & 5 ARdirs
3717F oE Al Suists gyt kR
il 3t Apie 4 e ¥ A
AL oA ol 55 ¥ 4 Jok 1Y dR
o] A e A o 4R Aot &
%07 olFsle 4R JFEI} A &7

i ¢

i

e
=

]

Ni

[}

&

M o
rie o

I

g

-

o 1

o] oletsl= AL A & <+ ik w3 7}
23 At EAEe] 45 #7)e] 753
e sgsle SulstE AT A A Al
7y & Ao A= Aol 271 | 8o -
§s|7F Az grolle] BAl=Fe] F45 A A>3p>
2P>M>W 9 Ao o] e B YE o]F 3
L3k GERRbe] 2719 A3 & Aot TR
7 Al AR cellulose 2 AFAo| Bz o
29 A5R7) whel poreo® Fhu FoisE)
53w UReld g £ Pk pored
At ok 2R dggow olFehe €1 25
R goi7k olgshe BRE A% & 4 ok,
olake] woE EUE gakake] ¢47} ASW>
3P>2P>M3l o] -8 A3 2l kg ek Ak
AN A A3 o) St 7P AT 8
355y} kAR oy 9 HREde =8
FEE ol vgol 71 A fake] A9y
Holgt 4= dsgde A4 A5 A
i go] Qo] AAHO T s|ofsh= A 2t

oo rfe o

A=
T
A~
T

10

methanol
acetophenone
2-pentanone

>o0«40

— 3-pentanone
o
=
]
E 64
o
o [e]
=
@ o ©
£ 0 a
o 44
[«
A A o
2 0% a o <
[s] A a
gs © ¢
< v
2 gQd v v
D{38

0 50 100 150 200 250 300
Dyeing time(min)
Fig. 4. The effects of the solvents on the dyeing
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% methanol/water dye bath without any ketones.
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