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Abstract — We prepared polyester-polyamines to improve the effect of carbon black dispersibility for use in ther-
mal transfer ink, and synthesized polymeric dispersing agents by two-step reactions. In the first step, we made
polyester by polycondensing 1,6-hexanediol and adipic acid. The resulting polymers had carboxylic acid, which
was linked with polyamine via an acid-base reaction. We then characterized the polyester-polyamine structure
by NMR spectroscopy and Fourier transform infrared spectroscopy (FT-IR). We also determined the basic char-
acterizations such as total acid numbers (TAN) (5.0-67.5 mgKOH/g), hydroxyl values (27.1-67.5 mgKOH/g),
and molar masses (M, = 1.6-8.4 kg mol™) for the polyester and total base numbers (TBN) (15.3-57.1
mgKOH/g), hydroxyl values (33.0-79.8 mgKOH/g), and nitrogen contents (1.02-3.48%) for the polyester-
polyamine polymers. We thus prepared thermal transfer ink using carbon blacks and the polyester-polyamine dis-
persing agents, and evaluated the resulting mixtures for printability, adhesive force, storage stability, ink appear-
ance, ink gloss, and processability. These mixtures showed significant dispersibility for carbon black in the ink.
Thus, we concluded that the dispersibility of the polymeric materials depended on the polyamine structure and
the hydrophilicity-hydrophobicity distribution of the polymeric dispersants.

Keywords — carbon dispersion (7= #-4}), polyester-polyamine dispersant (Z2]ol|2=E] -Z2]oF] F-2H4)), thermal
transfer ink (€A 4 3)
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Fig. 1. Synthetic scheme of polyester-polyamine derivatives.
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Fig. 2. Preparation process of carbon transfer inks.
Table 1. Formulation of carbon dispersion transfer inks
Transfer EDA EDA DETA DETA TETA TETA TETA  TEPA  TEPA  TEPA

Inks 0.025 0.05 0.025 0.05 0.025 0.05 0.1 0.025 0.05 0.1

PADHD-4 PADHD-4 PADHD-4 PADHD-4 PADHD-4 PADHD-4 PADHD-4 PADHD-4 PADHD-4 PADHD-4
/EDA /EDA  /DETA /DETA /TETA /TETA /TETA /TEPA /TETA /TEPA

Dispersant 0.025 0.05 0.025 0.05 0.025 0.05 0.1 0.025 0.05 0.1
1 1 1 1 1 1 1 1 1 1
Carbon 11 11 11 11 11 11 11 11 11 11
Vinyl Resin 4 4 4 4 4 4 4 4 4 4
Solvent 46 46 46 46 46 46 46 46 46 46
Varnish 32 32 32 32 32 32 32 32 32 32
Drying Solvent 6 6 6 6 6 6 6 6 6 6
Total (Wt%) 100 100 100 100 100 100 100 100 100 100
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Fig. 3. 'H-NMR spectra of adipic acid, 1,6-hexanediol,
and polyester (PADHD-4).
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Fig. 4. "C-NMR spectra of adipic acid, 1,6-hexanediol,
and polyester (PADHD-4).
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Fig. 5. FT-IR spectra of adipic acid, 1,6-hexanediol, and
polyester (PADHD-4).
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Table 2. Physical properties of polyesters
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Mol Ratio
[OH])/[COOH]

Reaction
Time, h

Reaction

Polyesters Temp. °C

OH Value, GPC, g/mol
mgKOH/g M, M, PDI

TAN,
mgKOH/g

PADHD-1 1.1 150(5)-200(7) 12

5.0 458 8,460 14,305 1.69

PADHD-2 1.0 150(5)-200(7) 12

27.4 27.1 5,562 11,205 2.02

PADHD-3 1.0 150 12

34.4 50.2 2,382 5,946 2.50

PADHD-4 1.0 150 6

54.6 67.5 1,613 3,735 2.32

1.Parentheses means reaction hour.
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Table 3. Physical Properties of Polyester-Polyamine Dispersants.

Dispersants PA' [PA)/[PADHD] N, % rOnI;K\gII—;l/fg’ mglfgﬁﬂg
PADHD-4/EDAO0.025 EDA 0.025 1.23 36.8 16.2
PADHD-4/EDAO0.05 EDA 0.05 222 68.4 334
PADHD-4/DETAO0.025 DETA 0.025 1.12 37.6 16.6
PADHD-4/DETAO0.05 DETA 0.05 1.94 57.7 25.6
PADHD- 4/TETAO0.025 TETA 0.025 1.06 33.0 17.1
PADHD-4/TETA0.05 TETA 0.05 1.82 43.1 26.3
PADHD-4/TETAO.1 TETA 0.1 3.48 79.8 57.1
PADHD-4/TEPA0.025 TEPA 0.025 1.02 31.2 153
PADHD-4/TEPA0.05 TEPA 0.05 1.76 394 232
PADHD-4/TEPAO.1 TEPA 0.1 3.36 64.5 54.2

Table 4. Carbon dispersion properties of transfer inks containing polyester-polyamine dispersants
Transfer Tnks EDA EDA DETA DETA TETA TETA TETA TEPA TEPA TEPA
0.025  0.05 0.025 0.05 0.025 0.05 0.1 0.025 0.05 0.1
Particle Size, pm <15 <15 <15 <15 <15 <15 <15 <15 <15 <15
Printability O O O ©) O ©) ©) O ©) ©)
Adhesive Force', kgf/m®> 3B 4B 3B 5B 3B 5B 4B 4B 5B 4B
Ink Gloss® 872  93.1 88.6 94.5 90.1 94.9 95.8 91.4 95.5 96.6
Storage Stability’, % 284 326 290 329 273 331 420 291 387 371
Appearance A © AN © AN © O AN ©) O
Processability O O O @) O @) O O O O
(O : Excellent, O : Good, A : normal, X : Bad)
1. Evaluated by ASTM D3359 method.
2. Gloss of 85 degree angle measured by Glossmeter.
3. Change of brookfield viscosity of transfer inks after 2 months.
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Table 5. 3M Tape adhesion results of transfer inks

EDA 0.025 | DETA 0.025 | TETA 0.025 | TEPA 0.025 | EDAO0.05

DETA 0.05 | TETA 0.05 | TEPA 0.05

TEPAS 3Hrdh =9 Feiido] Aoidow 933l
ok EES A o® we EFEolle Tkl e
HAAIE AR AN e FElmTE o ekt

A% AL Zhanf A=A, BEIE A=A, &
Mz Heg Z43led 3o A Fw gH] 2

6 % Fig. 7014 Bz wie} ZFo] TEPA $H 4
E AR A oY B § BEYEE e
7heo] AtFo s =gtonw TEPA T EAHA >
TETA $+ ¥4 >DETA ¢+ ¥4 >EDA 3Hr
FakAlel oz ' Ax VRS UeE
Y= HE Zhanf HEAE sl Y=9 &
g, Axe] Hsl f, QA8 3 BAMS Bl 47

Itk o Fig. 8o W34S Z PADHD-4/TEPAO.1

ali

-

231

1200
——EDA0.025
—4—DETA0.025
1000 | —-TETA0.025
~-TETA0.05
——TETAO.L
-m-TEPA 0025
——TEPA 0.05
——TEPAQ.1

800

600

400

Bookfield viscosity, cP

200

Storage Time, week

Fig. 7. Brookfield viscosity change of transfer inks
containing polyester-polyamine dispersants.

Fig. 8. Appearance of transfer inks formulated without
dispersant (left) and with dispersant (right).
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Table 6. Brookfield viscosity change of transfer inks containing polyester-polyamine dispersants

Transfer Inks

Brookfield Viscosity', cP

initial After 1week after 4weeks after 8weeks after 12weeks
EDAO0.025 82 96 128 203 345
EDAO0.05 102 156 208 333 445
DETAO0.025 91 102 181 264 458
DETAO0.05 140 251 343 460 542
TETAO0.025 94 108 158 257 413
TETAO0.05 130 214 368 431 543
TETAO.1 145 357 523 609 850
TEPAO0.025 104 125 280 303 413
TEPAO0.05 126 249 405 487 642
TEPAO.1 175 374 553 649 969

1. Spindle #2, 4 rpm
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