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Heat Transfer Printing by Chelation of Protein Fibers
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Abstract. The heat transfer printing of pretreated protein fibers (Silk and Wool) using
sublimable dyes that form metal complexes on the fiber during printing was studied.
The pretreatment were carried out adding a mixture of various kinds of metal salts,
surfactant, urea and lactic acid and then drying. Row molecular weight monoazo dyes
containing salicylic acid residues or hydroxyl or amino groups on carbon atoms in
two ortho positions relative to the azo group were synthesized and these dyes were
printed to fabric at 200°C for 30 seconds. After printing, dye diffusion from fiber
surface and chelation were achieved by steaming the fabric at 100°C for 30 minutes.
Prints were obtained in a wide range of color with various metal salts by a singl dye.
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Table. 1 Various dyes used in commercial transfer ink

Yot D54 -

Fiber Dye Transfer paper | Transfer effIC1e?§¥
Wool and other
unlmgilzlbers Reactive dye Noncoat craft 90 ~ 95
Nylon 6 Reactive dye
Nylon 66 Neolan z 85~90
Acrylic Basic dye 7] 90
A part of
Modacrylic basic dye ) 98
Direct dve
Cotton Reactive dye Coat craft 35 ~70
Direct dve
Viscose Reactive dye » 40 ~80
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P D ARIZ X 2 18 Uic X 91 resorcinol (Hekl 1, 3, 5, 7), 2-methylresorcinol (4}

2, 4, 6), 2-naphtol (#k} 8 ~10), 6-bromo-2-naphtol (¥¢¥}11), 2, 4-toluendiamine (4
¥t 12, 14, 16), 3-phenylenediaminedihydrochloride (¥4¢¥} 13, 15, 17), 3-diethylamino-
phenol (%k} 18), M salicylicacid (%¢}}19) & 2-aminophenol (Huk} 1, 2, 8, 12), 4-
chloro-2-aminophenol (4u¥} 5, 6, 9, 11, 15, 16), 4-methyl-2-aminophenol (¥v}} 3, 4,
13, 14), 4-nitro-2-aminophenol (¥¢k} 7, 10, 17), 5-nitro-2-aminophenol (¥e¥| 18), KU
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Table. 2 Combination of diazonium and coupling components used syntheses of sublimable dyes

iazonium
omponent _ 4-chloro-2- 4-methyl-2- | 4-nitro-2- 5-nitro-2- 4-chloro-
coupling 2-aminophenol | o inophenol aminophenol | aminophenol | aminophenol aniline
component
inol Dye 1 Dye 5 Dye 3 Dye 7
resorcino EtOH EtOH EtOH Acetone
_ Dye 2 Dye 6 Dye 4
Z-methylresorcinol | gyguzu,0 EtOH/H,0  |EtOH/Acetone
Dye 8 Dyve 9 Dye 10
2-naphthol EtOH Acetone Acetone
Dye 11
6-bromo-2-naphthol 0 Y tallized
recrystallize
9 1 Dye 12 Dye 16 Dye 14
,4-toluenediamine EtOH/H,0 EtOH EtOH/Acetone
3-phenylenediamine- Dye 15 bye 13 Etoaye 7
dihydrochloride EtOH/H,0 EtOH/Acetone Acetone/DMF
Dye I8
3-dlethylaminophenol DMF
Dye 19
salicylic acid Acetone
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Fig. 1 Thermograms of dyes having the bhasic structure

of 2, 2!, 4'-trihydroxyazobenzene

Table. 3 Structure, molecular weight and heat properties of dyes

Chemical structure Subititu$nt ggoups Maé?gg%ur %gﬁéggg%bgg(ac, Melt%gg)point
HoOH 230 152 184
H o CHy 241 145 182

OH  HO Y
CHy, H 244 138 207
©N=N@OH CH, CH, 258 139 195
clH 265 1ul4 224
X Cl o CH, 279 128 201
N0, H 275 200 >300
OH HO HoOH 264 158 192
@-N=N @ cH 299 - 226
X @ NO, H 309 - 280
§ ¢l Br 378 - 259
H o NH, CH, 242 - 190
OH  HgN CHy, MH, H 242 160 210
@ @ CHy NI, CH, 256 210 228
N=N Y )

Cl N, H 263 150 180
X 2 Cl WM, CHy 277 145 226
NO, NH, H 273 220 285
OZNQQL :O{@-thz 330 172 260
COH 277 118 >300

c1-O-N=N<O)-0H
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Fig. 2 Heat transfer printing: process description
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Fig. 3 Dye transfer mechanism in heat transfer printing
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Table. 4 Adsorption of various metal salts on silk and wool and pH of
its metal salt aqueous solution

Metals Metal salts Silk (2) Wool (%) pH
Al AICl4+6H,0 8.5 5.4 2,05
Cr CrCl,+6H,0 11.7 12,1 2,28
Fe FeS0,+7H,0 10,8 8.5 2,88
Co CoCl, +6H,0 - - 4,38
Nt N1S0, +6H,0 7.7 10.3 2,86
Cu Cus0,+7H,0 8,0 8.7 2,78
n ZnCl, 11.1 8.4 2,92

below
Sn SnCl,+xH,0 11,1 7.8
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Fig. 4 Absorption spectra of dye 8 on silk pretreated with Al, Cr, Ni
and Cu metal salts.

------ Before steaming, —— After steaming
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Fig. 5 Absorption spectra of dye 8 on wool pretreated with Al, Cr, Ni
and Cu metal salts.

------ Before steaming, —— After steaming
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Table. 5 Changes of the hue after chelation with various metal salts

s controt| AL | or | ke | M | 0 | cw | m | sn
1 w0 | us | aus | sos | uso | s05 | s05 | a5 | 430
2 w35 | w30 | aus | w0 | s25 | 4o | 500 | 445 | 430
3 450 440 4u5 430 480 505 465 430 440
8 | 510 | 520 | 555 | 490 | 535 | ss0 | 510 | 520 | 515
9 510 | 520 | 520 | 495 | 550 | s65 | 530 | 530 | 520

12 w0 | 40 | 470 | uso | u75 | 550 | 515 | 470 | 475
13 | 465 | 465 | 470 | 480 | 480 | 545 | 505 | 460 | 4SS
| w5 | 475 | w75 | 465 | 480 | 560 | 520 | 470 | w70
15 | uo | uso | 475 | 40 | 480 | 555 | S05 | 480 | 475
16 | 480 | 470 | u85 | 465 | 480 | 565 | 515 | 475 | 480
17 ws | ws | urs - | uss -] 515 | w0 | w0
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