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WE: ATHBTAEEALEZS B KE A Larix kaempferi KA 6AERAMF, A B RKRETRARAM AR %, 55 £
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Chemical property changes of vacuum heat-treated Larix kaempfert wood
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Abstract: To understand how vacuum heat treatment affects larch wood, Larix kaempferi wood specimens were
heat treated in a vacuum at a degree of 0.05-0.09 MPa and under an atmospherie pressure with 160, 180, 200,
220, and 240 °C for 4 h. X-ray diffraction (XRD) was used to study the effect of heat treatment on crystalliza-
tion properties of wood with three replications, the significant differences were analyzed using one-way ANOVA
at=0.01 level. The changes of chemical groups and surface free radicals were studied by Fourier transform in-
frared spectroscopy (FTIR), nuclear magnetic resonance (NMR), and electron spin-resonance spectroscopy
(ESR). After heat treatment, wood samples were ground into powder and passed through a 100-mesh screen,
but not a 120-mesh screen for XRD and ESR; passed through a 200-mesh screen for FTIR and NMR. Results
obtained after heat treatments showed that the change of cellulose crystallinity increased first, then decreased,
and finally increased; the crystallinity of untreated wood was 36.21%, and percent crystallinity of wood for cor-
responding temperatures was 43.56% at 160 C, 46.26% at 180 C, 32.09% at 200 C, 32.66% at 220 °C, and
37.97% at 240 °C. There was a significant difference about the crystallinity at 0.01 level (P=2.9E-17). FTIR
showed that with an increase of temperature, carbonyl groups and lignin composition were degraded. The solid

NMR spectrum showed that during heat treatment hemicellulose degraded and acetyl groups were removed, the
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intensities of the phenolic lignin unit of treated samples were higher, and the intensities of the etherified lignin
unit of treated samples were lower. ESR showed that the radical type was not changed before or after heat
treatment. With an increase in heat treatment temperature, the intensities of free radicals changed. As a conse-
quence, vacuum heat treatment resulted in the degradation of hemicellulose and lignin. Thus, through analysis
of the chemical properties of wood with different heat treatments, the effect of vacuum heat treatment on wood
was further explained. [Ch, 3 fig. 2 tab. 23 ref. ]

Key words: wood science and technology; Larix kaempferi; vacuum heat treatment; crystallization characteris-
tics; Fourier transform infrared spectroscopy (FTIR); nuclear magnetic resonance (NMR); electron spin-reso-

nance spectroscopy (ESR)

V& WAL Larixc spp.Jes 1 B2 ZRAR A, HAT AR IOERE PR, SR B, WA PE R SRR A, T2
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S R A O AR AR Ak B O — b AR i R B RO R E P R A B AR B T T R
T, TERE L EEASF 2GR TSI AR A B T A A AL UK R B T I ARE T,
A B A AL A B AT PAL B T3 o AL T Al AL B35, 2 AR BB A 500N 1A 5 2 408 2 A
@A T BT X AR B AL BT TR, (EG B s A A A ARORE 1 W AR X AR
o BTN H A ML Larix kaempferi KB kL, ML X SHEATHHAC . (R LLAMD03E | AR %
FCRF T A BEI R, ATSE T A A B R B 2 R SRS TR I A R, DU RO
JZ T 718 FL S PR A OO AR 7 I RA AR B B A FIAILA by SEOIIAT 50t ) PN bR i A A R 3t BB AR 4
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1.1 R

AASVE A R AL T AT IRE, Nt 28 em, WH2020 m, BEEHOCHFR ., BFS . 05
AT ULRRE RIS, R ERE B I 400 mm (1) x 40 mm (58) x 40 mm (J5) YA, s dld 5
12 B R

R FLZ2 54 (5 . HI-ZK6O, i EARSER BN s A IRAF) s X LA H X (%5 . D8 Ad-
vance, TEETEE LA A MHMLAMDERE (85 TENSOR 27, fBIEA & A wl); 5 AR ILHR X
(#1%5: AVANCE II, ZEEAGTAA ) B IR B (15 . ES-FA 200, HA JEOL 24 F] ).
1.3 ¥ H %
131 #md MSOHAT, KAIFTRELT . Ko A% 5 A PR T e i AL A kAT AL
B, OfhEAS, CHEA A2 0.09 MPa i, SCHHAE R . RE MEERTHE 100 C, ff4F 30 min, F)5,
i 5 i 2 (160, 180, 200, 220, 240 °C), HFhailnf, FROREF 4 ho AL R p, Jos RSy
7£ 0.05~0.09 MPa 403 1 h, # HALHE 1 h, FEAEFL %S 0.05~0.09 MPa 4bFE 1 h, 4 JEALHE 1 h, A4k
Ja, ORMVIMERE B, R A B IR S 2 40 CE AR, HORIA .
1.3.2 AaxyZsdap eyl B 100~120 H R AL FA 5 AR AT, i X S AT SO FE il AT 4
fi, MBAAE Dy X6 18 (A=0.154 nm) , 56 5148 W Hs 30 KV, BT AL 20 mA, 40 [
20=5°~45°, KNy 0.05°, FHHE N 4°-min™s K Segal LB I ANXT 45 AR, FEATT 5 2 26=22°
BRFAAT (02) HT b AR K e, 260=18° T A7 B /AR 25 BE T TR 2 50k

C=[ L1 o0 1x100% . (1)

D) COXTEE S BE A 532, Lo S (002) il A AT 5T A AR RS 2, RO 3 XA AT S8 2 S L
AR ST I U SR
1.3.3 AR Zetirshobagadt  Hld 200 HARMFM 5 AKS, 28103 CHEE, fEEHPHETh
BULHR 785 WFER £ )5 B T B AR LD MG RE OO PRI, 20516 Vi [y 4 000~400 em™, 4 AL
32, SR HERN 4 em™,
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1.3.4 BEkAzmEER A Bt 200 B ARALFEA 5 A A AR, R A & 50 AVA00 A% 04 2R i 3% 4L
iesk PC NMR g%, 385 % 75.5 MHz,

135 ©F Aakkad M 100~120 H R A 5 A0 FEAF AR K, 43 I FRHL 20 mg A A A Sebt:
A, BRE BT A e RIS (ESR) 3 45 WIS IR s E AT 2 e il il o DK 45 10 - B 9y 3 0.998
mW, A4 9.06 GHz, Lk Mn #1k AtxR.

2 HR54

21 EEALBEAMLERMEENTL

L1 AIAEIRFT G H A% A AR 45 S RES 8k . R 1 Al P IRET S R M LR 4E R 002 5 AT
SR E R AR AR AL . Y IAEFRIR R 160, 180, 200, 220 1 240 °CHY, AM 145 & EE 53510
43.56%, 46.26%, 32.09%, 32.66%F 37.97% , 5AKALFLA 45 5 (36.21%) Lh A, 437l 1 20.30%,
27.75%, -11.38%, —9.80%F1 4.86% , B|JIE % HA4b BLEE i FH s, 74 IE A 45 i B i A fL S RS & L e
BRI . FR3f m st 38 . 2R W 4255 YR e IR 78 VRE T T B A Pinus massoniana KM EAT T #AbHE, 7E
160~220 CHAb 3 B G I, B RASEF 4 R 25 B AR (L AR S Je i Rk L Ja i . PR3 R, 78
160, 180, 200 F1 220 CHf, S EAAES & EAH L AR AEFEM 5353w T 5.07%, 8.57%, -36.54% Fil
24.30% ., F 5548 H) L2 1 %R Rz ¥ Eucalyptus pellita A M 4T T #AL P, 7€ 160, 200, 240 Fi 280
CAb LB IS, 45 8 B A B A AL B A 4 B4R 55 T 13.63%, 15.97%, —3.46%F1 1.17% . FA4bFE A b 45 5
JE SIS [R] 7 728 Al e B2 g a4, AT BB Hy TR BOAS [m] 1 R A 3Ry R0 AR FE AN (] (08 4 o 45 D PR T 380, B 4k 2
TEEER Th i, FUASTE EAS ARE 5 i B 38 R i B R Pl RE R AT e R AR A X N oy TR L RS B ASS A,
KoKy, TR RIS, DT A 2R 22 () HE S B O R, ARG R X ) I AF 22 8 A% A ) 0T H 1) 45 XA HE
G, IIHGIN T AR LT e Z 45 % . BEA A BRR R Ak STt , 25 a2 B0 T B 34 JE R v] g2 7
LT Y R ESR R CBERAE R, LRIEIR TR WA, (LR 4E R 145 M EREAC . Rl Ab HE i
FETE T, 2 PR B S R T R R B A AL B B T, ARG A DX P R A0 R R I 2T A R AT 24
C T TN IR/ NI & IET ) e

x1 EZALEEHRAMEZFHNE

Table 1  Crystallization characteristics of vacuum heat-treated larch wood

002 T fft ARG i/ 002 ST f 45 i/ 002 fhfifli AIRES b FE/
AL 3 4 P IC BB 5 PEIC AL 3 4 P IC
FE/(°) % g FE/(°) % FE/(°) %
Xif R B 22.44 36.21 180 22.36 46.26 220 22.40 32.66
160 22.46 43.56 200 22.38 32.09 240 22.38 37.97

2.2 ELIHALERAM HOLI NI IE S AT
] 1 g% BEABA L 160, 200 1 240 SCHUbFAH 0 {8 LI 2T SM e 1 . ph Il 1 AT S0, e LI 4T A1 g
T A 1 U R 1 1 738 em” S C=0 i 45 Bi% 3
(REBEZWEAL), 1643 em™ KA ILHE C—O0 f1 C=0 b4
Jeah, 1595 em™ KIS (R EZE), 1510 em™ Hy C
—C S FWABIRS, 1456 cm™ JABEFR CH, X B 25 il 4%
3, 1425 em™ FE A ZE C—H 2, 1 370 em™ iy C—H
RS, 1336 cm™ AL G 4E % OH F 2 i, 1316
em™ KL AR CH, 45 RS, 1270 em™ 5 C—O ffi 45
Y25, 1058 cm™ g C—O 445, 896 em™ Jy &k (C)) u
WA . ARG R 0 1 425 om™ WO bR, e 0/ . . . Y]
W (ML X SR B AN 2 R . S ARAL T AT AR L, BERA AL FRE 2000 1800 160001/329,1200 LO00RE0Y
W9 Tk . 1738 em™ WAL HY C=0 MATRSVMXIRBCGREET 0 o e s b s bt 22 51 o5 58
[, 1643 em™ BT AYILHE C—O 1 C=0 MR MWL Figure 1 FI-IR of untreated and treated larch wood
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S W R R, PTRESR i T REE AL BRI, R R LT AR A I SRR SO, LT A R
MR . SABEFE R 1643 em™ )@ T WA /K A Wi B, B AL SIS O VR Ao 5 ) i), 1
PALFEREAR T M WK, AT & T AR I R R g M o 1 595 em™ BFIE A9 24 B0 45 41 S0 % 0 i
SR EREAR, ATREJE TR APOR R AT A A 4 AR MR SO o 1 510 em™ B ile C=C 55 7 1 1 2R 4% 3l AH
X I HAC 5 R ot A PR L 4 T v TG 5, DT IAAR PR BT R G E Y 2 R R, R T e R S A R X
BRI, BAEIG, 1058 em™ BEILAY C—O A 45 4ik 0 AF X W IO B3 0, P RE SR dy T AL L R
A B 22 1A I P A

R 2 ETHRAIEEM RS LSRR UE X R E

Table 2 Absorbance ratios of vacuum heat-treated larch wood

Ak B 2% A1/ °C T/l Lo/l s L s s/l s Tios/L s
X HERE 0.455 0.898 0.495 0.837 2.078
160 0.391 0.881 0.511 0.843 2.170
200 0.381 0.797 0.513 0.866 2.202
240 0.379 0.760 0.555 0.887 2.229

2.3 ETHAE ARV ZEILIRS

]2 Skt BB AT 160, 200 F1 240 “CH Ak B 11 A% fif 3
PRk . & 2 Fras, PC-NMR % [ v 3 205 5 0 1) 1w
WFY A2 21 S CEEER CHy—COO0, fh2¢ i 56
NARBTER P —O0CHs, b =i # 62 JyE4h dh X 2F 48 &R 1)
Co, L 20iR% 65 NEEFHIXLTYE R Co, 1LE0LFE T2~75 Ny
YR Gy, G Cs, fLA00F8 84 RS XL R
Co, 2005 89 M IXLTYER ) Co, AL 105 N 4T
e X1 Co, A0 88 110~156 O J7 & it , 2w (if% 148
MRS Cy, fb2A iR 153 M Et ik ATl AR SE Co, fh2qr 200 160 120 80
% 168~180 Jy C=0, Hil&l 2 W1, SR AL, Hsb La S
AT fE 2208 21 Fil 168~180 2[5 51 py AR S o B s b 3 B 2 3% whos d AR 32 A% R T B A A itk Ik i
LR T S PN R A, FE AL HE R 240 CR, Ak Figure 2 NMR of untreated and treated larch wood
AiF 168~180 (5 S JL-FIH R, X2l TGRS R 2R e R A R, & ek S, Rl
BRI Cm™, FEOBELE WD, AR 5L A0S 73 Iralh Rl — 2, B Pk 2R B2 1 T
i, AR 65 5 62 55 I 2 [a] A X 3 BE B LU ARLAT B R A #2305 LOS (X IR A ), 1.09(160 C),
1.19(200 “C) 1 1.22(240 C); b= 1% 89 55 84 ny L B A WFEM #4351 0.80 (Xf HiAf), 0.81
(160 °C), 0.84(200 C)F1 0.89(240 C), VWHIAM &id HAa MU S, R4 R 45 f XY LI K, |
75 B 3R] BN AR 1R AROBE AR XS 5 & BE AR — GE SZ R, SIVONEN 25 7F 5 T 28 PR HAL B0 1% 7 #A Pinus
sylvestris var. mongolica A B EIARAF TR0, RV EEPUIEITE 74145 BEZ R R
ANo BER G ARBE A R B AA R ALR S, RIALL B AT BB X 4R S R M AR 4E R A S R A —
HAKKOU % R S IEE T X RERS Zelkova serrate KRB HEAT T AL L I . Zad AL 35 A AL 2= 005
102 {550 (CREF4E R COBS BTN o AU I RSB A 0085 102 BT B 1015 50, X AT BE
TSR ol () 2 7 4B 3R 5 BEAFAE 22 5, SRR RIXT 585 AL 4 A0 78 102 {5 50 5 A4y R A T & 4 o
e, PAEIRHT S A LR 125~135 5 S kA /N A2 A, WTRE R i T AR B 05 B A% bR AR T SZHR RN .
W& FAAE B BE B T, Ao RLR% 148 {5 5 ik B /N T i T Ak~ (288 153 {5 56 i B /NI 1 B, km]
AEJE i1 T AL B R B—O0—4 B H R AEW R, R RIR R PROTIE 2, BEUR BT R S5 BT
DR T
2.4 EBEZHAEARHH ESR S

AR FEBEALER | P ERFIRBRAM, HPRARBRRSAH —E8REERN A bk, fidtE

40 0
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SF L BUMWT2E . EEAE T EOLARAE T, R R A 2
ENEikie R NCESIOISEE- St N L i N9 0]
HL T 1 HL T 2 LB R SO0 H ) R R 3 1 2 %
LA £ B T DU i 1 B SR (ESR) A 73 #r .
3 AR BT IS H A I RS R B SR TH A ESR %
B3 rpox R B T B Y ESR 550 X2 T
IR it O HAS TS RS AN, 2 ad AU I S AR
M E T A BB, SXTRM A, AAE
MRS 2 S RAL RS S YA TE S R T B R R
W, BEEPVEBR R TR, ESR 55 B3 F b LM R AT T G At 3k Rk
WERA A, DL EH AL PR S A B 22 T R B L B Figure 3 ESR of untreated and treated larch wood
PACPRFT S s A B EERRIE R R ¢ N TR A EAR R, ¥90 2.003, 358 W] HAE BEAT G AR 7= A2 At FE 26
RIAIL, EEONARZRENR-A A 3. KA A m SRR RN, P A A AR B TR
MRS Y. PALPLS A b B R R, AT B AR BE B A AL BRI B B T R BB W R TR IR 2 —
SIVONEN 25 "HIF 58 28 PR AL B 4 1WA AR 2R THT B o JE 00 5 i 45 2R e ] PR BRI, AR
R A MBI L, LR E 180 Cilferf, MR I A t 2o AR LB/, AL R
J¥ 2y 230 CI, ALFBE I A B EURE TR AL BIR 3RTE A AR . S ZAHE, B PR B KR
F E Eh 5 T A MR AR 0N 3X AT BE A SR IR AL BT AN [E L SR T B R s e Ah, i T
B PAE PIC AL A 5T, REARM @A WAL/, AR A i R/ 5 A AR Bt N — 7 T i R T
X R RE .

3 #ik

A A LS AR B AR I A AR (s B P 5 T B SR A, AP B T A AL BER R A
MR FAPLH] o A FRAL BEXS HAS i AR AR B AL 22 i 72 A T AR RR B G R2 00, X AR iR SR 2 HE K 152
W ARG B, TN £ 4E 2 B R IR AR X B o B AR BRS , F AN A R B R AL R B L SRR
PR B S, 458 B R AL il BE -5 AR A AR SC ) BT S MERE R BB A — 2 AR o B PR Ak B E 1 T
i, HASTE RN S A A, W AR S S AT A AR X IR AR BE R I, R AR R, X8R e AR A
A RGP A T AR OS2 R . BAAE B AR TP, ARV AR AR 2 TR A A X R A i b, T H
AT AN AR LT A RS LR, A BRIREE , FREA RE BEB T A 5 A 41 2 Rt DX 1A AR X B )34
i, 2 B SAAE B AT BE X H AR 7 AL AR B B 45 0 BE 7 AR — RE SO o AR IR AR b 8 B AR 3R A6 A PR
JLH 2, BRCAR R A FICIN A, T BAAE B A SR A5 A4 7 A E R o LS KA IR R AR AR 2R i
FI i RS, RBRTAT B b R A K B AL B A T TS 2 0 B AR AR A B T TR B B
B A AR B O A AL
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