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Fig. 1

(a): D. ebenum; (b): D. melanoxylon; (¢): C. imberbe; (d): G. conjugate
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Four types of heartwood samples
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Fig. 2 FTIR spectra of experimental samples

a: D. ebenum; b: D. melanoxylon; c: C. imberbe; d: G. conjugate
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Fig. 3 FTIR spectra of Cellulose, Lignin and Calcium oxalate
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Table 1 Relative intensities of the characteristic peaks for 4 types of sample

D. ebenum D. melanoxylon C. imberbe G. conjugata
Hi 059 Hi 510 Hig Hi os9 Hi 510 Hig: Hi 059 Hi 510 His: Hi 059 Hi 510 Hog:
1 0.980 6 0.508 5 0.067 7 0.815 9 0.983 0 0.054 7 0.652 2 0.584 8 0.546 7 0. 896 1 0.676 1 0.048 4
2 1.078 0 0.5524 0.0685 0.7828 0.9641 0.0497 0.6590 0.561 8 0.466 7 0.9106 0.6788 0.0756
3 1.130 1 0.573 8 0.065 9 0.863 8 0.908 0 0.028 3 0.708 2 0.561 6 0.513 1 0.975 8 0.712 7 0.063 1
4 1.185 7 0.605 1 0.073 8 0.848 2 0.970 5 0.064 5 0.613 3 0.568 4 0.560 9 1.026 9 0.740 3 0.063 4
5 0.877 6 0.707 0 0.152 1 0.845 1 1. 006 8 0. 065 6 0.625 8 0.642 5 0.497 8 0. 885 4 0.639 6 0.024 9
6 0.946 0 0.7570 0.1504 0.7927 1.0293 0.0896 0.6650 0.667 3 0.5006 0.9037 0.6132 0.0614
7 0.989 9 0.792 4 0.143 2 0. 804 5 0.899 1 0.045 7 0. 700 5 0.696 0 0.519 2 0.963 2 0. 668 5 0.015 7
8 1.093 8 0.855 8 0.138 0 0.861 9 0.933 8 0.049 6 0.709 6 0.571 2 0.407 4 0.926 9 0.678 4 0.059 1
9 0.819 3 0.551 6 0.070 9 0.891 2 0.991 1 0.027 7 0. 609 0 0.584 4 0.521 3 0.930 8 0.638 7 0.063 5
10 0.842 5 0.560 1 0.067 1 0.928 1 1.023 1 0.032 6 0.610 0 0.5237 0.539 4 0.958 8 0.639 9 0.062 2
11 0.872 0 0.570 0 0.064 7 0.968 1 0.821 6 0.085 6 0.509 7 0.511 5 0.535 2 0.709 0 0.537 4 0. 006 3
12 0.956 7 0.612 7 0.064 5 0.775 1 1. 180 4 0.081 2 0.541 8 0.536 7 0.562 2 0.894 6 0.661 5 0.002 3
13 0.999 5 0.635 1 0.063 3 0. 860 9 0.834 6 0.044 2 0. 565 5 0. 580 8 0.594 3 0.578 1 0. 445 5 0. 000 9
14 0.914 9 0.489 0 0.136 2 0.816 7 0.937 4 0.070 4 0.643 9 0.564 9 0. 507 6 0. 820 8 0.636 7 0.085 3
15 0.951 0 0.495 0 0.076 4 0.799 8 0.976 9 0.069 4 0.642 4 0.549 3 0. 608 0 0.908 1 0.662 1 0.048 5
H 0.975 8 0.6177 0.0935 0.8437 0.9640 0.0573 0.6304 0.5803 0.5254 0.8859 0.6420 0.045 3
Hgrp  0.1037 0.107 9 0.0360 0.052 8 0.0932 0.0193 0.0565 0.0495 0.047 7 0.108 0 0.0685 0.027 1
Hgsp 0.106 3 0.174 7 0.385 3 0.062 6 0.086 3 0.337 8 0.089 6 0.085 4 0.090 9 0.1219 0.106 7 0.599 7
4 BR(a), REZHEE (L), RER(c) FHRITHRAA(d) Z B EIE X FEH 505 E
Fig. 4 The distances of D. ebenum (a), D. melanoxylon (b), C. imberbe (¢) and G. conjugate (d)
2 MUFPEE AL A7 36 5 B AR K 00 25 R (Compare)
Table 2 The validation result of experimental sample (Compare)
Material Specified material Identified material Result Correlation Correlation Threshold
1 D. ebenum D. ebenum Passed 0.921 3 0. 800 1
2 D. ebenum D. ebenum Passed 0.957 5 0.800 1
3 D. ebenum D. ebenum Passed 0.974 6 0. 800 1
4 D. ebenum D. ebenum Passed 0.9359 0. 800 1
5 D. ebenum D. ebenum Passed 0.936 3 0.800 1
6 D. melanoxylon D. melanoxylon Passed 0.9517 0. 866 2
7 D. melanoxylon D. melanoxylon Passed 0.986 7 0. 866 2
8 D. melanoxylon D. melanoxylon Passed 0.983 3 0. 866 2
9 D. melanoxylon D. melanoxylon Passed 0.977 2 0. 866 2
10 D. melanoxylon D. melanoxylon Passed 0.972 2 0. 866 2
11 C. imberbe C. imberbe Passed 0.955 3 0.814 3
12 C. imberbe C. imberbe Passed 0.936 9 0.814 3
13 C. imberbe C. imberbe Passed 0.910 8 0.814 3
14 C. imberbe C. imberbe Passed 0.936 1 0.814 3
15 C. imberbe C. imberbe Passed 0.968 4 0.814 3
16 G. conjugata G. conjugata Passed 0.981 7 0.887 2
17 G. conjugata G. conjugata Passed 0.980 2 0.887 2
18 G. conjugata Other Failed 0.886 7 0.887 2
19 G. conjugata G. conjugata Passed 0.990 0 0.887 2

20 G. conjugata G. conjugata Passed 0.969 1 0.887 2
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Table 3 Inter-class distances of experimental sample (SIMCA)
Material D. ebenum D. melanoxylon C. imberbe G. conjugata
D. ebenum — 11.9 13.7 7.21
D. melanoxylon — 27.9 4.72
C. imberbe — — 15.8

F4 WFAMERE SIMCA BERERHHEYR

Table 4 Classification performance report of experimental sample (SIMCA)

Material D. ebenum D. melanoxylon C. imberbe G. conjugata
Recognition rate/ % 100(10/10) 100¢10/10) 100¢10/10) 100¢10/10)
Rejection rate/ % 100(30/30) 100(30/30) 100(30/30) 100(30/30)
Validation rate/ % 100(5/5) 100(5/5) 100(5/5) 100(5/5)

A3 (classification performance report) i 78 T R 2%
BRI 43 25 E B B . IR 5 3. (recognition rate, %) & B HE 45
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(rejection rate, Y0) EWBHIIETIEL R L ANER, B
T T R A RE SR s B8 IF 2 (validation rates %) R T K UE
SEFEACK 30 SR AR R R A T ) A . R 4 b, R
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Fig. 5 2DCOS-IR spectra and auto-peaks of D. ebenum (a), D. melanoxylon (b), C. imberbe (¢) and G. conjugate (d)
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Discrimination of Four Black Heartwoods Using FTIR Spectroscopy and
Clustering Analysis

MA Fang', HUANG An-min*, ZHANG Qiu-hui'”
1. MOE Key Laboratory of Wooden Material Science and Application, Beijing Forestry University, Beijing 100083, China
2. Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China

Abstract A fast discrimination method of four black heartwoods was developed by Fourier Transform Infrared Spectroscopy
(FTIR) combining with clustering analysis. In FTIR spectra, the principal chemical components of heartwood were characterized
for cellulose (the bands at around ~1 370, ~1 158, ~1 034 and ~895 cm '), lignin (the bands around ~2 935, ~1 510,
~1 462 and ~1 426 cm ') and calcium oxalate (peaks at ~1 615, ~1 318 and ~781 cm '). The correlation coefficient and
relative intensity among samples with standard material result that D. ebenum and D. melanoxylon are lignin-rich, while

! means it contains resin. Based on the

C. imberbe contains more calcium oxalate. G. conjugate has peaked at 1 738 cm™
correlation coefficient, the method of Compare clustering analysis was used to classify four blackwoods. The classification rate
was above 95% during blind sample testing. Meanwhile, four blackwood were successfully classified by the method of SIMCA
clustering analysis. The recognition rate and rejection rate reached up to 100%. The accuracy of clustering reached up to 100 %
during blind sample testing. It explained that the four tree species could be classified and identified completely by SIMCA
clustering analysis. Besides, cellulose showed high thermal sensitivity in D. ebenum and D. melanoxylon through the 2DCOS-IR
synchronous spectra. Calcium oxalate showed high thermal sensitivity in C. imberbe and lignin showed high thermal sensitivity in
D. melanoxylon. Combined with cluster analysis calculation and 2DCOS-IR, FTIR can analyze the relative content of the main
composition of wood and quickly and effectively classify the pattern recognition of wood species based on the improving clustering

model.
Keywords Wood identification; FTIR; Clustering recognition; 2DCOS-IR
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