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Horfr DH32-26 #£ A ) R BEH B & & & &, 1 1
1.07%~5.01% Z |a], DH32-29 Fl DH33-27 4 2 B4l H 4
RO A W 2 WY AT AE 08500 ~3.96% Z [,
DH32-26 #1 DH33-27 B 1% NaOH $ij i 9y & &A% . 431 78
11.65% ~16.92% Z [, DH32-29 ) 1% NaOH f}i Hi ¥ & it
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Table 1 Content distribution of samples
e B Y/ % 1%NaOH #li 41/ %
i T HME LRRIE T s 2 i RSN LRRIE T s 2
DH32-26 1.07%~5.01% 3.17 3.06 1. 14 11. 65% ~16.88% 14. 26 14. 55 1. 46
DH32-29 0.87%~3.95% 2.37 2.28 0. 87 11.61% ~20.16% 16. 31 16. 57 2.72
DH33-27 0.85% ~3.96% 2.32 2.39 0. 90 11.70% ~16.92% 14. 40 14.58 1.41
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Fig. 1 The near infrared spectra of Fast-growing Eucalyptus
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16 BRI AR O 2% 2., A 0L 2SR I3 . MSC, —Bir 5 5«
17 1 WA B R RGO 1 2(a) ], 38 R /N — e 1l ar o
Tt th o B A T R R BE . RE (B e K. O 0.968 95 RM-

SECV /N, K 0.22% , #HEIE A, A8 B b i 5 10 &%
FEEREH 9. YRATH. KEH 1. — K S5
SR A e R [ E 2(b) ], A LASSO 3857 1% NaOH Hi1 i
Y1 A AT AT, REH K, R 0. 978 45 RMSECV {H i
AN R 0.37 %, RSB A ST o A P R IR TR AR SR R 12. 61,

0.08

0.06

(@

Lg(1/R)

1000 1200 1400 1600 1800 2000 2200 2400
Wavelength/nm

Lg(1/R)

0 T T T T T T T T
1000 1200 1400 1600 1800 2000 2200 2400
Wavelength/nm

B2 HEERERLIEHTLLE
() EEHI B ; (b 1% NaOH i1 4

Fig. 2 Pretreatment of original spectra of

Fast-growing Eucalyptus

(a) : Benzene-alcohol extractives; (b): 1% NaOH extractives
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Table 2 Evaluation of models for different extractives

using different modeling methods

KRN EY 1% NaOH i 9

Bk ik ¥ )5 ik g2 RMSECV. ., RMSECV
o /% /%

TR H B 09621 0.25  0.9650 0.42

W’%ZJ\: FWHHA—-+HSH 0.9658 0.23  0.9641 0.42
ﬁ&: FWHMSCH—M S5 0.9689  0.22 0.966 6  0.40
T HMSCH B S5 0.9650  0.23  0.9679  0.39

EWA I+ —B S5 0.9507  0.31  0.9734  0.37
LASSO ¥ F+HH—fb+ =B $% 0.9533 0.31 0.9676 0.39
LASSO ¥ +MSC+—Kg%  0.9570 0.29 0.9694 0.39
P +HMSCHr S8 0.9495  0.32 0.967 3 0.40
THAH-b+ S8 0.9443  0.3¢ 0.9601 0.47
i%\\rﬂﬁ FBHA—f+ SR 0.9417  0.35  0.9574  0.49
Zlv(i FHAMSCH S 0.9421  0.35 0.9630 0.43
T AMSCH B S5 0.9482  0.32 0.966 2 0.40
FWAH+ B FE 0.9465  0.33 0.9594  0.47
A,mlfff T+ H—+ S 0.9491  0.32 0.9639  0.43
ANN FHEMSCHBrEH 0.9490 0.32 0.9646 0.42

T AMSCH S8 0.9502  0.31 0.9632  0.43

2.3 HEERSHEIAMNET

AN 48 130 4T 0 9638 K 1 900~ 2 500 nm, % X [A] {3 &7
—HTECE TR B . T RE R MR Y R o A AR A .
MM SR 38t 4% 301 (genetic algorithm, GA) 25 & L A9 4 7
543 0 08 1 T R 5 IR A ) R 126 NaOH Al i ) £ 5%
SERAH DG A U AR i, DA IDT T T R A A o A A A L X
256 AR AUA BN BEAT Z 3 g A . DU AR IR R
o ACOPRFRIR R R« 150 T e IR H S [ 2 5~200,
FIEERIAE 100, FEALAEL 500, 38 AEER 0. 8, A A4 0. 1,

X F AR B K A A 0Dk A T AR AT R
/N AL, LU RMSECV 1Ry 3& B BEPE M 48 AR o fix 25 0
Ve IR L B 1 345.0~1 821.4 Ml 2 127.8~2 241.3
nm, FEEEF Y RS ARG WS TE0 . EEES, RS s
AT RN L U B A AE R BE B W R AE R
1 360 nm Fff3E C—H g4k 8h — A C—H BRI
A, Hrp C-HRAMEBY P AHAY &R CHs; 1 410H0
1 447 nm B30T M3 346 356 0 45 0% 30 1 — S0, T 5 60K UR o1
THRIGE: 1668 nm A I & C—H i 45 4% 35 19 — G540
BB C—HRFFRETHRTHEE. 1695 Fl 721 nm
WAEAE CHs f C—H W48 R 8 — A5 45 1 820 nm B
FEAE O—H fgE iR s F1 C—O M43 o) — RAE S50, X
J5 % 3R B S R Bl B A b BT A s 9T 2 133 nm [
PRI FAAAE C—H ARSI C=C {8 4 4% 30 9 & 5
XHFE R TR A TERD,

XFF 126 NaOH il i 47, 8 85 A0 0 3 1 9 D 4 728 742
HEAT LASSO ¥ gt g, 1) RMSECV 15 Jp 38 b7 B SR M 48 4% . 5%
L0k B B R B BE R 1 138.2~2 363.0 nm, 1% NaOH i
MY BR T A& LRI, R Z R R Z 2 ke . A

YIRS e, A — MmO AR R BRI, W
e R B i, R 2. T B & T 1 158 M
1170 nm [} 35 5 Sobk 2 BEAR 2 B CH, h C—H 1y fh i 4 3h
TRAESI G 1 666 nm (R . 1 681 nm (R B .
1 790 nmOR R Z) fiHir CH, " C—H i 45 9% 3l i — & A5 40
Wl 2 133 nm HE 2K C—H Mgk sh fl C=C {f 4
A W, R E RE IR TR EK ;s 2 329 nm &b C
H 4R sl C—H B IR M 45kdk, C—H k[ TR
B 2 360 nm JHE W AEAE O—H A8 R s Fn C—H i 45 I
AR RIRE IR T 2R e R0 L BT A AR T 3 T 38 E
FERE RIS, DLER 3, n) UL SE A a8 15 B 1k O 0 0 Ik B T
ST FHS 0 43 WA TR L 4 ipk BESEE ST 1A A HE A A R ek R AT

F 3 AEEEETE# Y ER TN
Table 3 Evaluation of models for extractives

developed from different bands

‘ RMSEP AD
K 1) 3) / 2
33 B /nm R%a 1% RPD Y

_ 1345.0~1821.4 -
KB o gnog 09510 025 467 —0.39~0.38
iy

900~2 500 0.950 3 0.28 4,49 —0.43~0.41

1%NaOH 1138.2~2363.0 0.969 9 0. 37 5. 77  —0.56~0.53
i 4 900~2 500 0.966 1 0. 40 5.43  —0.55~0.57
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Fig. 3 The distribution of scattered points of

11 12 13

measured value and predicted value

(a): Benzene-alcohol extractives; (b): 1% NaOH extractives
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e P, MSC, — B S E Wi AL #, 1 345.0~1 821.4 Al
2127.8~2 241.3 nm L L AN BE S 5 Al L, # R 5 1 A
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W, REH—fb. —Br SHBALRE, 1138.2~2 363.0 nm X

BAHFIERGRE, (B3 B 2 55 f B, LASSO i gt sy MY, 5% 7 VG 3 AE A% il 1
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Analysis of Extractives Content of Guangxi Fast-Growing Eucalyptus and
Models Optimization Based on Near-Infrared Technique
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Abstract In pulping and papermaking industry, extractives of wood chips influence the impregnation efficiency, pulp energy
consumption and pulp yield. But traditional analysis methods for the content of extractives are not applicable for industrial online
monitoring because of being time consuming and costly. Therefore, the present study used near infrared (NIR) spectroscopy to
predict rapidly extractives content of three species of fast-growing Eucalyptus urophylla X E. grandi chips (DH32-29, DH32-
26, DH33-27) grown in China’s Guangxi Province. NIR spectra of 144 fast-growing Eucalyptus were collected using a holo-
graphic grating spectrometer equipped with a halogen illumination and array detector. The benzene-alcohol extractives and 1%
NaOH extractives content of 144 samples were gravimetrically determined according to the Chinese national standard test method
respectively. The near-infrared spectrum were pretreated using smoothing, first derivative, second derivative, vector normaliza-
tion and multivariate scattering correction in Matlab 8. 0, and the models were developed for various pretreatment methods by
loading PLS, LASSO, SVR and ANN algorithm. The optimal modeling methods were selected. Genetic algorithm was used to
select the bands, which improved the accuracy of the models and optimized the models. In conclusion, in order to develop analy-
sis model of benzene-alcohol extractives, smoothing, MSC and first derivative methods should be used to preprocess the original
spectrum, the bands of 1 345.0~1 821.4 and 2 127. 8~2 241. 3 nm were selected, meanwhile, the partial least squares algo-
rithm was used with the optimal factor 9. The model had the best accuracy for the RMSEP value as low as 0. 25% , and the ab-
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solute deviation range was —0. 39% ~0. 38%. The optimal bands between 1 345.0~1 821.4 and 2 127.8~2 241. 3 nm have
been associated with O—H stretching (1st overtone) of phenolic compound (1 410 and 1 447 nm), as well as C—H stretching
and C—C stretching group frequencies of benzene ring (2 133 nm) and other characteristic absorption. In order to establish the
content analysis model of 1% NaOH, smoothing, vector normalization, first derivative should be used to pretreat the original
data, the bands between 1 138. 2~2 363. 0 nm were picked and LASSO was adopted. The model had the best accuracy when the
o value was 12. 61, the independent verification show the RMSEP value was 0. 37%, and the absolute deviation range was
—0.56%~0.53%. The optimal bands between 1 138.2~2 363.0 nm have been associated with C—H stretching (2nd over-
tone) of —C=OCH; (1 158 and 1 170 nm), as well as C—H stretching (1st overtone) of —CH; (1 666, 1 681 and 1 790
nm) and other characteristic absorption. The characteristic absorption of benzene-alcohol extractives and 1% NaOH extractives
on the optimal bands was analyzed from the point of view of molecular structure, and the performance of models was explained
theoretically. The models can meet the actual demand and can be applied to the analysis of the content of Eucalyptus extractives
in pulping and papermaking industry. The results showed that performance of near-infrared models can be developed and opti-
mized by the selection of pretreatment and modeling methods combined with the genetic algorithm for the prediction of Eucalyp-
tus extractives. At the same time, as an emerging algorithm, LLASSO algorithm has a good ability to process co-complex linear

data in near-infrared spectroscopy. and can establish models with good analysis performance.
Keywords Near-infrared technique; LASSO algorithm; Pretreatment; Genetic algorithm
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