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Improvement on Dyeability of Hanji with Natural Dyes
Using a (3-chloro-2-hydroxypropyl) Trimethyl
Ammonium Chloride

Seung-II Yoo, Ui-Myeong Oh, Yu-Ri Min, and Tae-Ho Choi'
(Received September 6, 2011: Accepted September 16, 2011)

ABSTRACT

We carried out cationization of Dak pulp (paper mulberry bast fiber pulp) which is raw material of Hanji
(Traditional Korean Paper) using a (3-chloro-2-hydroxypropyl) trimethyl ammonium chloride to im-
prove dyeability during a dyeing of Hanji with Gardenia (Gardenia jasminoides) and smoke tree (Cotinus
coggygria). Fiber specific charge densities were determined using polyelectrolyte titration method and
K/S values of dyed Hanji was calculated by Kubelka-Munk equation. As the result, fiber specific charge
density increased with degree of cationization. Colors of Hanji dyed with Gardenia did not vary sig-
nificantly with degree of cationization, but cationized Hanji dyed with smoke tree showed a large in-
crease of a* value and reddish yellow color. After-mordanting did not decrease K/S value of dyes with
cationized Hanji. K/S values of dyed Hanji decreased with increasing dyeing temperature. For smoke
tree, the cationization impair lightfastness of dyed Hanji without mordant. After-mordanting with copper
acetate or iron chloride improved lightfastness of dyed Hanji.

Keywords: Dyeability, (3-chloro-2-hydroxypropyl)trimethyl ammonium chloride (CHMAC), cationization,

Hanji, Gardenia, Smoke tree
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Fig. 1. UV-VIS absorption spectra of dye solutions.

Table 1. Color of dye solution

Dye L* a* b*  Munsell H V/C
Gardenia 23.35 -2.09 36.95 9.0Y 2.3/5.4
Smoke tree 23.44 -3.40 24.00 9.7Y 2.3/3.6
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Table 2. Specific charge density and color of the cationized Hanji

Pulp Specific charge density (meq/kg) L* a* b* Munsell H V/C
Control -22.9 83.84 0.33 11.39 3.5Y 8.3/1.5
CHMAC 50% 80.7 86.61 -0.57 10.92 5.1Y 8.6/1.3
CHMAC 100% 117.0 85.47 -0.30 12.39 4.6Y 8.5/1.6
CHMAC 150% 133.0 85.57 -0.32 12.82 4.6Y 8.5/1.6
CHMAC 200% 144.0 85.16 -0.20 13.40 4.4Y 8.4/1.7
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dyed with Gardenia dyestuff.

Table 3. Relationship between cationic chemical contents and colors of dyed Hanji

Dye Pulp L* a* b* Munsell H V/C K/S
Control 77.58 1.85 28.58 43Y 7.7/4.1 0.95

CHMAC 50% 73.10 2.53 3561 4.4Y 73/5.1 1.81

Gardenia CHMAC 100% 71.71 4.09 36.59 3.6Y 7.1/5.4 237
CHMAC 150% 70.83 4.42 38.63 3.6Y 7.0/5.7 2.83

CHMAC 200% 70.53 4.60 39.27 3.6Y 7.0/5.8 3.01

Control 71.57 2.30 25.42 3.0Y 7.13.6 236

Sk CHMAC 50% 62.03 9.60 3431 02Y 6.1/5.5 532
r:;:e ¢ CHMAC 100% 59.26 14.27 37.01 8.6YR 5.9/6.3 637
CHMAC 150% 56.26 16.80 38.13 7.9YR 5.6/6.7 7.72

CHMAC 200% 55.09 18.88 39.45 7.3YR 5.5/7.1 8.51
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Fig. 3. Relationship between cationic chemical
contents and reflectance spectra of Hanji
dyed with Smoke tree dyestuff.
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Fig. 4. Relationship between specific charge density
of pulp and K/S values of dyed Hanji.
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Table 4. Effect of mordants and dyes on the colors of untreated Hanji

Dye After-mordant L* a* b* Munsell H V/C K/S

None 77.58 1.85 28.58 43Y 7.7/4.1 0.95

. Al 76.89 2.40 30.10 4.0Y 7.6/4.4 1.05
Gardenia

Cu 75.07 2.45 31.22 4.2Y 7.5/4.5 1.25

Fe 72.90 1.71 25.08 43Y 7.2/3.6 1.11

None 71.57 2.30 25.42 3.0Y 7.1/3.6 2.36

Smoke Al 60.46 17.71 38.17 7.7YR 6.0/6.9 4.56

tree Cu 45.10 22.90 20.51 0.8YR 4.5/5.7 6.02

Fe 41.85 1.94 11.31 2.8Y 4.1/1.7 5.26
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Table 5. Effect of mordants and dyes on the colors of cationized Hanji

Dye After-mordant L* a* b* Munsell H V/C K/S
None 73.10 2.53 35.61 4.4Y 7.3/5.1 1.81
Gardeni Al 72.80 2.53 33.45 4.2Y 7.2/4.8 1.64
ardema Cu 7131 2.78 36.62 43Y7.1/53 238
Fe 65.79 0.77 25.17 5.1Y 6.5/3.6 1.98
None 62.03 9.60 34.31 0.2Y 6.1/5.5 5.32
Smoke Al 53.14 20.52 32.71 5.1YR 5.3/6.6 6.50
tree Cu 37.89 21.61 18.71 0.8YR 3.8/5.3 9.15
Fe 36.09 5.22 11.57 8.9YR 3.5/2.0 8.32
70
| —=— Gardenia None 60 |- [ —u— Smoke tree None ut
60 || —* Gardenia Al ® Smoke tree Al amtoec’
Gardenia Cu 50 | Smoke tree Cu - e
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Fig. 7. Effect of after-mordants on reflectance Fig. 8. Effect of after-mordants on reflectance

spectra of Hanji dyed with Gardenia
dyestuff.

spectra of Hanji dyed with Smoke tree
dyestuff.
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Fig. 9. Relationship between temperature and
K/S values of dyed Hanji.
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Table 6. Effect of dye concentration on the colors of cationized Hanji

Dye Conc. of dye (% o.w.f.) L* a* b* Munsell H V/C K/S
10 74.21 1.00 29.33 4.8Y 7.4/4.1 1.38
. 20 73.10 2.53 35.61 4.4Y 7.3/5.1 1.81
Gardenia
30 71.92 3.83 37.06 39Y7.1/5.4 1.98
40 71.41 4.64 39.16 3.8Y 7.1/5.8 2.18
10 65.50 11.33 32.51 9.0YR 6.5/5.5 3.68
Smoke 20 62.03 9.60 3431 0.2Y 6.1/5.5 5.32
tree 30 60.69 8.66 33.24 0.5Y 6.0/5.2 5.74
40 58.50 9.49 32.60 0.1Y 5.8/5.2 6.37
Table 7. Color difference of Hanji dyed with Gardenia dyestuff after aging
Oh 72 h
CHMAC(% Munsell Munsell
I H V/C o H V/C AE
0 77.7 1.7 28.5 4.4Y 7.7/4.1 79.7 0.6 17.3 4.5Y 7.9/2.4 11.5
50 73.4 2.6 35.1 4.3Y 7.3/5.1 77.3 1.7 22.4 39Y 7.7/3.2 13.3
100 72.2 43 37.1 3.6Y 7.2/5.4 763 24 225 33Y7.5/3.2 15.3
150 71.5 4.8 38.8 34Y 7.1/5.7 75.6 3.0 233 2.8Y 7.5/3.5 16.1
200 71.4 5.2 40.2 3.3Y 7.1/6.0 756 35 241 2.6Y 7.5/3.6 16.7
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Table 8. Color difference of Hanji dyed with Smoke tree dyestuff after aging

0h 72 h
CHMAC(%) N " " Munsell " " " Munsell
L ? b HV/C L @b HV/C AE
0 70.8 2.8 253 2.7Y 7.0/3.6 80.0 4.2 18.2 0.5Y 7.1/2.8 7.3

50 62.3 8.5 33.1 0.6Y 6.2/5.2 62.4 6.5 22.5 9.9YR 6.1/3.6 10.8

100 59.1 14.5 36.0 8.3YR 5.9/6.2 58.8 8.7 24.1 8.8YR 5.8/4.1 13.3

150 56.6 16.7 38.3 7.9YR 5.6/6.8 60.0 102 257 8.5YR 5.5/4.4 14.2

200 55.1 18.6 38.6 7.2YR 5.5/7.0 54.9 10.6  25.8 8.3YR 5.4/4.5 15.1

20 20
| =Y =8.79004+2.73432" X | ™ Y =4.35534+1.29358 * X
R®=0.9943 - R*=0.9774
164 aY=4569+51589*X & » u 164 A Y =14.63431-0.79538 * X -
R’ = 0.9662 e R*=0.8516 u
o o = ]
? 12 - E, 124 ~ o
N N a
S 8 5 84
= = ]
© ©
w w
< <
4 4
= Gardenia const. dye conc. = Smoke tree const. dye conc.
A Gardenia const. degree of cationization A Smoke tree const. degree of cationization
0 T T T 0 T T T T
0 1 2 3 4 0 2 4 6 8 10

K/S value

Fig. 10. Relationship between AE and K/S values
of Hanji dyed with Gardenia dyestuff.
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Fig. 12. Effect of mordant on AE of Hanji dyed
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Fig. 11. Relationship between AE and K/S values
of Hanji dyed with Smoke tree dyestuff.

3} ghake] BA) glo] ARpe 49
AL ehiIh SR
RN DR

BEEE 2T A9, 94 F

204
[ZZ7] Smoke tree
E=— Smoke tree CHMAC 50%
16
=) —
=
=4 =
< 1
ﬁ 12 4 —
N~ R —
- ——] =
5 —_—
% —
w 81 _— =
<
4 T — —
0 — =

>

None

Fig. 13. Effect of mordant on AE of Hanji dyed
with Smoke tree dyestuff after aging.
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