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Effect of N, Heat Treatment on Main Properties of Pinus sylvestris var. mongolica Wood

QI Wen-yu' ,LIU Cai' ,CHEN Jin-ming’ , WU Xiao-lian' ,YANG Ming-yue' ,LI Ji-qing' , LIN Jin-guo'"
(1. College of Material Engineering s Fujian Agriculture and Forestry University s Fuzhou 350002, Fujian ,China ;

2. Forestry Science and Technology Promotion Station of Fujian Province s Fuzhou 350001, Fujian ,China)

Abstract: To analyse the change pattern of colour, dimensional stability and mechanical properties before
and after heat treated wood under N, , Pinus sylvestris var. mongolica wood was heat treated at the tem-
perature of 160°C ,180°C and 200°C ,for 2 h,4 h and 6 h. FTIR and XRD also were used to analyse the
mechanism of these changes. The results showed that with the increase of heat treatment temperature and
time,the AE " increased while the L * ,equilibrium moisture content (EMC) decreased. The a ™ and 6~ of
heat treated Pinus sylvestris var. mongolica wood were bigger than that of untreated one. The hygroscopic
hysteresis and anti-swelling efficiency (ASE) increased with the increase of temperature. The compression
strength parallel to grain, modulus of elasticity in static bending and bending strength of heat treated Pinus
sylvestris var. mongolica wood increase first then decrease with the increase of thermal proces intensity,
but the influence of thermal proces intensity on mechanical properties of thermal Pinus sylvestris var.
mongolica wood is not significant. Treatment temperature has extreme significant on the color, dimensional
stability of Pinus sylvestris var. mongolica wood after heat treated with N,. Treatment time has extreme
significant on the brightness 6 ,AE " and equilibrium moisture content and volume swelling rate of Pinus
sylvestris var. mongolica wood after heat treated with. The results of this study could provide scientific ba-

sis for production of thermal P. sylvestris wood with high quality.
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Table 1 Main equipments used in the experiments
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Fig. 1 Color changes of P. sylvestris var. mongolica wood after heat treatment with N,
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Table 2 ANOVA for color CIE L * a* b* of P.sylvestris var. mongolica wood after heat treatment with N,

MR L FAR SN TE ERuN e 2% AE "
H %
F Sig. F F Sig. F Sig.
st [] 23. 689 0. 000 0.482 0.619 6.962 0.001 13. 345 0. 000
15 i 140. 155 0. 000 3.173 0.045 63.166 0. 000 131.725 0. 000
Fif [ 3 32 1.923 0.109 0. 830 0.508 2.281 0.062 3.758 0.006

W2 Moisture adsorption
[JMoisture desorption

EMC/%

Process
B2 @SHABEEFRAMOEESKE
Fig. 2 EMC of P. sylvestris var. mongolica wood before

and after heat treatment with N,
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Table 3 ANOVA for EMC of P. sylvestris var. mongolica

wood after heat treated with N,

EZR| MEFHFM  df ¥4 F Sig.
IR 6 897.311 1 6 897.311 49 912.523 0.000
i JiE 84.050 2 42.025 304.115  0.000
i 8] 13.171 2 6.585 47.655  0.000
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FIE BT 140.507 146

XA [7) 5 JBE AN [R] I [i) % 1 T 41 s SRR

BB A M R BE AT T5 22 0 B (3R 5) L SRR A

200°C LR 204 1R B2 X A 1A AR B RO R E

S B S AL BN T XoF A AR 3 A 5w g
LSS RN (S PORITY QS AR NTE

2.3 hEMERNTL

T W A LRI BRI B <Z200°C B, ISt
J 58 J3E I A Ak P () AE K S B 49 e ) e B, O
TE 160°C AL BE 6 h J5 ik 3 e K, 5K 4b BB 3 K
19.25% 5 T 4 & B = 200°C J5 , 5 B 3% W W A% 1
FOIFFEAL R 6 h Ik B AR, 5K AL B R AR
9.64% (F 3), FAMA IS A F W AW B TS
PR i 50 R A BRI O I AR Ak P 5 32 4 i L R A
B S 7E 180°C AbHE 4 h J5 35 B B KL R A
FRAF BTN 39. 83 % (& 4) . SR AL HL S R T Ay K
A B BT 25 5 B A UL B > 180°C I, S 3 78 W I 11K 1
POAE 200°C FALEE 6 h BRI, B R AL B AL R
Ik 19. 95% 76 160°C T, Fifi #44 &b B BsF [10] 38 o 522 B
HENJE B A A FE AR B 4 b i R B KL R A
ARG 9. 15 % (B 5) o WA Il 3 LR [R] ) 1] 2%
PR R TP AL B 1) ) 24 BE R AT O 25 0 BT
(3 6) 45 LW 78 200°C LI & AL #E BE Be
FIF [F0) X5 468 A A ) 2 P B 2 e B0 W 3
2.4 FTIR &#r

1737 ecm ' FRAEIEIFJE F C= O XUk 45 ik
By, 0 {1 i A A 3L UL R v T O T 4 R L 15 ) A A
FHLARE A8 ABE v i 5 i d Bl R b B BE T R Y
I 3R] RE SR BT R R R A% R T Kb 4 M BE By T v
AT ZR A R A AR T ol 8 7K P 50 iR ) 3 e 0
D WK A 5 A B S R 2 51 510 em ! A
MEVE S 05 B e i 280 C=C #k3).1 031 ecm ' W§(H
BRI, — 5 8 T C-O M4 R 3h (& 6. %
7)., 11510/ 11372, 11510/ 1 1163 FZ e T 2 2 4
B0 B ARk B B 2 e LB R A B S B



5% 53

FICE GF R B BT o RAAL SR T KR 2 B RE Y A 165

Wik AR 1895/ 1 1425, 1895/ 1 1507 J M T £F 4t
AN 5 B PR Ak B T 2 B S T S
BT PRI . RM LR R RBW IR AR
T T U B 2T Ak R A WA PR BRSO R
3 OV B G ) A T AR R R AR B A AL T
A5 S5 K % 3 T R MBS 1 058

em 'R LT HE R B LR 4R F P C-O Mg Ik
3, 11058/ 1 1425 R B T AR5t 2 (1 AH XT 75 4, Bl 4
Aob L R A TE R S HR G T R T AR &
OEARZERETARTEN, PR IEE D FEER
o AT L0 A 1 A X 2 AR R R S EOR
B IR Y RN

R4 BSRLEARETRAMEEMER T 5%

Table 4 Swelling and shrinkage of P. sylvestris var. mongolica wood before and after heat treatment with N,

A i ik % TR/ %
P4 B 4% -
%1/ % 7w/ % /% ASE % 1) (=] it
7 Ab A 9. 60 3.74 14. 36 — 8. 24 3.69 11. 80
160°C ,2 h 8.81 3.24 12.73 11.34 8.16 3.54 11.68
160°C .4 h 8. 81 3.16 12.57 12. 44 8.15 3.37 11.56
160°C .6 h 8.77 3.08 12.35 14. 00 7.98 3.34 11.53
180°C ,2 h 7.92 3.08 12.21 14.95 6. 84 3.37 10. 60
180°C ,4 h 7.82 2.99 12.05 16. 09 6. 80 3.13 10. 44
180°C ,6 h 7.51 2.82 11.75 18.19 6.79 3.01 10.17
200°C,2 h 6.94 2.76 11.23 21.83 6.65 2.79 9.39
200°C ,4 h 6. 87 2.69 10. 23 28.79 6.49 2.74 9.34
200°C ,6 h 6. 39 2.52 10. 02 30. 25 6.00 2.60 8. 88
K5 BRERLEBEFRAMERENTESHT
Table 5 ANOVA for swelling of P. sylvestris var. mongolica wood after heat treatment with N,
5% ] ¥ ik 2 1 1198 ik R AR 3R ASE
%
F Sig. F F Sig. F Sig.
I ] 1.316 0.272 1.188 0.310 7.406 0.001 0.953 0.389
R E 34.316 0. 000 5.911 0.004 7.406 0.001 12.162 0. 000
I B] it B 1.316 0.272 1.188 0.310 0.092 0.985 0.483 0. 748
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Fig. 3 Compression strength parallel to grain for
P. sylvestris var. mongolica
wood before and after heat treatment with N,
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Table 6 ANOVA for mechanical property of
P. sylvestris var. mongolica

wood after heat treatment with N,

RSP R P AR PO R
EX
F Sig. F Sig. F Sig.

mi 1.242 0.272  1.214 0.302 1.535 0.258
Wi 17.587  0.293  0.619  0.541  0.193  0.828
W % R gE 3.696  0.007  1.401  0.24  0.066  0.991
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Fig. 4 Modulus of elasticity in static bending for
P. sylvestris var. mongolica

wood before and after heat treatment with N,
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Fig.5 Bending strength of P. sylvestris var. mongolica

wood before and after heat treatment with N,
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Fig. 6 FTIR spectra of P. sylvestris var. mongolica

woods with/without the heat treatment with N,
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Table 7 Absorbance ratios of Pinus sylvestris var. mongolica wood after heat treatment with N,

ﬁ}ii/%,fq“ IHJJS/II'IZS IISIO/IM%?Z IlSH)/IlIGS 1895/11125 IS‘)S/II.')()?
A kb B AE 2.527 965 0.848 037 74 0.549 028 53 0.299 411 0.337 081
160°C .6 h 2.546 15 0. 858 944 26 0.550 189 39 0.312 139 0. 338 969
180°C ,6 h 2. 607 735 0.849 130 81 0.539 776 99 0.319 397 0. 349 606
200°C .6 h 2.707 972 0.834 286 43 0.530 339 95 0.315 459 0. 347 846

F 8 BETFMHAEMRIEHM XRD 21
Table 8 XRD analysis of P. sylvestris var. mongolica

wood before and after heat treatment with N,
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