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Dyeing process and mechanism of eucalyptus veneer with
Dalbergia bariensis heartwood pigment as dye
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Abstract: [Objective] In order to make full use of the processing residues of Dalbergia bariensis and
improve the added value of eucalyptu, natural dye has been extracted from the Dalbergia bariensis
heartwood. [Method] The main components of Dalbergia bariensis heartwood content were analyzed by
ultra-high performance liquid chromatography with quadrupole-electrostatic field orbitrap high resolution
mass spectrometry. The best dyeing process and color fastness were measured. The binding mechanism of
Dalbergia bariensis dye and eucalyptus veneer was analyzed by Fourier transform infrared spectroscopy
(FTIR).The distribution characteristics of the dye in eucalyptus veneer were observed by the field emission

scanning electron microscope (FESEM). [Result] Nine phenols were identified from the pigment of
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Dalbergia bariensis heartwood by UPLC-Q-EXACTIVE-MS: malvidin, rhamnetin, butein, sakuranetin,

alizarin, luteolin, hemotoxylin, pinocembrin, taxifolin. The optimal dyeing process of eucalyptus veneer was:

dyeing temperature 90 °C, dyeing time 12 hours, pigment mass fraction 4%, NaCl mass fraction 2%. The

order of influencing factors of dyeing test was: temperature > pigment mass fraction > dyeing time > NaCl

mass fraction. The order of influencing factors of color fastness was: temperature > pigment mass fraction >

dyeing time > NaCl mass fraction. It was preliminarily determined as physical adsorption and intermolecular

hydrogen bonding through the analysis of FTIR ’s and FESEM ’s reaction to the dyeing mechanism.

[Conclusion] Natural dye extracted from Dalbergia bariensis heartwood is used to imitate the precious

rosewood by dyeing eucalyptus veneer, which blazes a trail in the full utilization of precious rosewood and

explores the high value-added utilization of fast-growing wood.
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Tab. 1 Factor and level of orthogonal experiment
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EJS; Tempﬁfﬂe % Dyeing Pigmept mass NaCl' mass
time/h fraction/% fraction/%

1 60 8 1.0 1.0

2 70 10 2.0 1.5

3 80 12 3.0 2.0

4 90 14 4.0 2.5
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22.0 0.3 5%CH,OH 95%CH;0H
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Tab. 3 Characterization of chemical constituents in pigment from Dalbergia bariensis heartwood by
UPLC-Q-exactive orbitrap-MS

o [= u\ ‘H :‘:‘—:\‘I'!I/\ = } AL =. o L . .y i i i
it fRE ]flj ST AUJ{J?E Emﬁ?g — T TR @C%HS.ZJ:!\ ke
Retention Experimental Theoretical . Chemical
No. . . Formula Product ion molecular mass Reference
time/min molecalar mass molecalar mass component
% 3
1 5.493 Cy7H 404 331.379 [M+H]331.072  316.056, 299.053, 271.058 ﬁi}%ﬁf Gomez-Ariza, et al!'?
£ A
2 5790  CyHp0, 317.064 [M+H]'317.057  302.041, 285.038, 257.020 f{f‘ﬁ% Silvio, et al"®
amnetin
S0 SR i
3 6.094  CysH;,05 273.074 [M+H]'273.067  255.063, 227.069, 199.074 EL %tgj i;”‘ e Cheng, et al'"¥
L
4 6.688 Cy6H,405 287.090 [M+H]"287.082  167.033, 121.064 AR . Yan, et al!'”!
Sakuranetin
5 7.494 C4HgO, 241.048 [M+H]241.041  131.048 Eﬁ% Han, et al''®
Alizarin
- RBER TN
6 7.561 CysH¢0¢ 285.088 [M-H] 285.046  257.044, 213.064 Luteolin Yu X J, et al'”
- TIARR 4R
7 7.789 C16H 1406 301.069 [M-H] 301.077  124.014, 177.016 Hemotoxylin ~ Li Z C, et al'™
" TR X Ea
8 10.214 CysH,04 257.079 [M+H]257.072  229.084, 211.075 Pinocembrin Wang W N, ct al."”
T
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Tab.4 Comparison results of color differences before and after dyeing

5 RERE e ERRRGH NoREAH o  ROIRGE
No. Dyeing temperature/‘C Dyeing time/h  Pigment mass fraction/%  NaCl mass fraction/% Null column .
and after dyeing
1 60 8 1 1.0 1 17.43
2 60 10 2 1.5 2 30.77
3 60 12 3 2.0 3 27.12
4 60 14 4 2.5 4 26.38
5 70 8 2 2.0 4 30.23
6 70 10 1 2.5 3 19.64
7 70 12 4 1.0 2 35.40
8 70 14 3 1.5 1 34.26
9 80 8 3 2.5 2 36.12
10 80 10 4 2.0 1 38.78
11 80 12 1 1.5 4 30.60
12 80 14 2 1.0 3 30.02
13 90 8 4 1.5 3 39.35
14 90 10 3 1.0 4 37.65
15 90 12 2 2.5 1 47.57
16 90 14 1 2.0 2 31.20
HfE1
Average 1 (k) 25.524 30.782 24.717 30.125 34.497
12
Average 2 (ky) 29.882 31.732 34.647 33.745 33.372
i3 172 1.832 2 2
Average 3 (k) 33.880 35.17 33.787 31.83 9.03
HifE4
Average 4 (k) 38.942 30.465 34.977 32.427 31.215
ez
Range (R) 13.418 4.707 10.260 3.620 5.465
R 1 R 2 FEfh 3 FEfl 4 Fefh 5 Kt 6 R 7 Fedh 8
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8
Fdh 9 Fedh 10 Rl 11 R 12 B 13 Fefh 14 Rl 15 Fdh 16
Sample 9 Sample 10 Sample 11 Sample 12 Sample 13 Sample 14 Sample 15 Sample 16
Fif 15 ANy
Sample 15 Dalbergia bariensis

1 U AT i G RO RN 2 B S M S IR B
Fig. 1 Comparison of dyeing effect photos of test sample and physical photo of Dalbergia bariensis
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Fig. 2 Effects of different factors on color differences before and after dyeing
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Tab. 5 Comparison results of color differences before and after washing

?3;% Dyei el 0 %EET . %iﬁl‘%ﬁfg NaClJﬁ%ﬁ?& =51 Colc:f jﬁfﬁeﬁriz ifore
. yeing temperature/ °C Dyeing time/h fraction/% NaCl mass fraction/%  Null column and after washing
1 60 8 1 1.0 1 7.99
2 60 10 2 1.5 2 6.90
3 60 12 3 2.0 3 6.63
4 60 14 4 2.5 4 5.37
5 70 8 2 2.0 4 431
6 70 10 1 2.5 3 2.92
7 70 12 4 1.0 2 5.56
8 70 14 3 1.5 1 2.40
9 80 8 3 2.5 2 5.36
10 80 10 4 2.0 1 6.62
11 80 12 1 1.5 4 7.44
12 80 14 2 1.0 3 6.42
13 90 8 4 1.5 3 6.77
14 90 10 3 1.0 4 2.67
15 90 12 2 2.5 1 5.99
16 90 14 1 2.0 2 5.31
BN
Average | (k) 6.733 6.133 5915 5.660 5.750
HE2
Average 2 (ky) 3.798 4.788 5.905 5.888 5.818
HfE3
Average 3 (k3) 6.485 6.405 4.290 5718 5.685
Yft4
Average 4 (k;) 5.185 4.875 6.080 4.935 4.948
Ra?l;z%(R) 2.935 1.617 1.790 0.953 0.870

151 Z Transmittance/%
W

4000 3500 3000 2500 2000 1500 1.000 500
% Wave number/cm™!

[R5 P SEN (B i AR e
Fig. 3 FTIR spectra of untreated and dyed eucalyptus wood
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