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Effects of Lewis acid pretreatment on thermal degradation characteristics of wood
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Abstract: [Objective] The introduction of exogenous acid can solve the problem of high temperature and
long time during heat treatment and improve thermal efficiency. It is necessary to clarify how exogenous
acid affects wood components and thermal degradation characteristics of different woods.
[Method] Two types of softwood (larch, Chinese fir) and two types of hardwood (eucalyptus, poplar) were
studied, and AICl; in Lewis acid was taken as exogenous acid. The thermal degradation characteristics of
wood treated with different concentrations of AICI; solution (0, 0.1, 0.3 mol/L) were studied by Fourier
transform infrared spectroscopy, thermogravimetric analysis and Flynm-Wall-Ozawa method.
[Result] AICI; treatment had significant effects on chemical structure of wood, which showed that the
characteristic peak of hemicelluloses decreased significantly, the redshift occurred, the intensity of lignin

characteristic peak increased, the total crystallinity index (TCI) decreased, the OH/CH, ratio decreased, and
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the hydrogen bond strength (HBI) increased. After 0.3 mol/L AICl; solution treatment, TCI of the samples
decreased by 29.17%—52.67%, OH/CH, ratio decreased by 23.18%—51.01%, HBI value increased by
2.86%—13.27%, and the lateral order intensity of fiber was reduced by less than 8%. During the pyrolysis

process, the degradation temperature of samples decreased, the degradation rate increased, and the activation

energy decreased after AICI; treatment. When the treatment concentration was 0.3 mol/L, the initial

degradation temperature of wood was reduced to below 110 °C, a obvious shoulder peak appeared in

softwood, and the activation energy of softwood was significantly lower than that of hardwood at the rapid

thermal degradation stage. [Conclusion] The introduction of AICI; can significantly reduce the thermal

degradation temperature of wood, thereby effectively improve the thermal modification efficiency of wood.

Its catalytic effect on softwood wood is more significant than that on hardwood. The research can provide

theoretical support for the application of Lewis acid in the field of low temperature heat treatment of wood.

Key words: degradation; heat treatment; wood; thermodynamics; thermogravimetric analysis; catalysis;

Lewis acid; softwoods; hardwoods
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Fig. 1 FTIR spectra of four types of

wood under different conditions
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Tab. 1 Chemical structure parameters of four types of wood under different treatments

A Ab 3 S R LT YA ) A T SRk OH5CH, ti{H
Tree species Treatment Total crystallinity index ~ Fiber lateral order intensity ~ Hydrogen bond intensity ~ Ratio of OH to CH,
Xt Control 1.47 +£0.01 0.58 £0.01 1.05+0.01 1.48 £0.02
&I F4 Larch 0.1 mol/L AICI, 1.36 +0.02 0.58 £ 0.02 1.13+0.02 1.51+0.04
0.3 mol/L AICl, 0.70 £0.01 0.57+£0.02 1.08 £0.01 0.74 £0.02
Xt Control 1.50 +0.02 0.65+0.01 1.00 +0.01 1.49 +0.03
#27K Chinese fir 0.1 mol/L AICIy 1.43 +0.02 0.63 +0.01 1.07 £ 0.02 1.53 +0.02
0.3 mol/L AICl, 0.71 £0.04 0.60 £ 0.03 1.03+0.01 0.73+£0.01
Xt Control 1.68 +0.01 0.70 £ 0.02 0.88+0.01 1.51+0.01
¥R Eucalyptus 0.1 mol/L AICI; 1.44 +0.03 0.69 £ 0.03 0.96 +0.02 1.41+0.03
0.3 mol/L AICl, 1.19+£0.02 0.66 +0.01 0.96 £0.01 1.16 £0.02
Xt Control 1.53 +0.02 0.66 +0.01 0.98 +£0.01 1.50 +0.03
K Poplar 0.1 mol/L AICI, 1.33+0.01 0.63 +0.02 1.08 £0.02 1.43+0.02
0.3 mol/L AICl; 0.81+0.03 0.61+0.02 1.11+0.01 0.90 £0.01
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Tab.2 Thermal degradation parameters of 4 four types of wood under different treatments
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P P & rate/(%-C™) - degr 600 C/%
X Control 247.06 278.46 ~379.36 -1.01 363.36 20.64
J&HFa Larch 0.1 mol/L AICI; 145.35 249.85 ~344.55 -1.29 312.15 24.33
0.3 mol/L AICIy 106.08 150.68 ~ 334.38 —0.60 292.98 34.50
X Control 255.15 287.75 ~390.15 -1.02 356.75 22.36
K Chinese fir 0.1 mol/L AICIy 174.11 258.81 ~334.51 -1.22 314.15 22.67
0.3 mol/L AICI; 84.02 135.12 ~ 326.42 —0.55 294.72 34.64
X8 Control 253.02 273.42 ~364.52 -1.10 356.12 15.57
}A Bucalyptus 0.1 mol/L AICI 195.59 253.29 ~323.99 -1.22 313.69 17.90
0.3 mol/L AICI; 102.52 239.72 ~305.82 —1.08 299.72 26.03
X Control 241.15 270.45 ~ 374.15 ~0.85 337.35 2227
7K Poplar 0.1 mol/L AICI; 111.60 226.00 ~ 320.60 —1.24 306.07 23.98
0.3 mol/L AICI; 92.23 179.63 ~ 308.63 —-0.79 293.63 32.60
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Fig. 2 TG and DTG curves of 4 types of wood under different treatments
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N 3.82% ~ 27.73%, 0.3 mol/L Kb ¥ A4 B K 8 FE N
26.47% ~ 63.73%. 1% J& TR E R YE AICI; 23k #4
FR AT 2 27 A B e /N 1 BB S, mTRE gt — P
K E A Y 2 AR T2 2 (B SRR AR B, AT
PR AR TS L RE -

AICls FFAR AN B 5 AL BE (10 I £ 5 AM Fih 2
Ao, FEAFIHE AICL Kb HE R & 44 (135 1k RE BE
IR B K T fa 44 . Fo, 0.3 mol/L b3 J5 v5 AL BE
Rk AR 0 52 9 il 48.82% (V& M Fs ) 63.72% (2 A )
A1 27.56% (ke KD\ 26.47% WK ). MEETEE K&,

R3 TELGEBEHET 4 AMBPREIH NFESH

Tab.3 Pyrolysis kinetic parameters of 4 types of wood under different treatments

- fhrE LT RHTH T IR PEE et At , T L RERE AR
Tree species Treatment Activation eﬂergy/ Preexpone.nfllal Temperatl}re Conversion R Activation energy
(kJ-mol™ factor/min range/C rate range decrease range/%
Xt Control 68.84 14.92 299.46 ~ 363.76 0.20~0.72 0.997
&I Larch 0.1 mol/L AICly 54.73 17.76 274.15~311.85  020~0.56  0.981 20.29
0.3 mol/L AICIy 35.23 19.44 266.28 ~293.28 0.39~0.57 0.972 48.82
Xt Control 82.54 17.71 306.25 ~357.95 0.20 ~0.67 0.996
A2k Chinese fir 0.1 mol/L AlCl3 59.65 19.77 281.11 ~315.81 0.20 ~0.55 0.989 27.72
0.3 mol/L AICI; 29.94 20.41 263.32~294.72 0.39 ~0.56 0.963 63.72
XTH#E Control 64.48 15.04 291.02 ~ 355.52 0.20~0.71 0.993
¥R Eucalyptus 0.1 mol/L AICI, 62.02 16.73 287.09 ~ 313.59 0.29 ~0.58 0.994 3.82
0.3 mol/L AICl; 46.71 17.48 278.22 ~300.12 0.35~0.59 0.991 27.56
X} Control 69.89 15.48 288.35 ~338.55 0.20 ~ 0.60 0.999
¥R Poplar 0.1 mol/L AICL, 67.12 15.64 279.01 ~ 306.40 0.29 ~ 0.60 0.982 3.96
0.3 mol/L AICI; 51.39 16.92 267.63 ~292.83 0.39~0.59 0.979 26.47
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0.3 mol/L Ab B Y& FE "N B I 4 T % AL i 1 355 FRAIK,
X 53R 2 s a5 R AR B AR A — B AR TR
PR I BOWL 22 B 1 BB 2 1R I B 5 ([ 2)),
X E R T Bk BE ) AICT, AL GHET ) -4 4L
S oy e AR TR F R, TS BUR M TE IR T
MIERIEE AT 5% . KM EZEH a4 %
(P Fke e M 22 BY, HLHC R R £T i it b rh A2 A 22
o BFM Mg RO N T, SEREZIZ
SR P FUPE A 20 T ER R pR b B AR e R DL
N E, SRRZ MR O-LHEHE-4-0- B 77 &
FERRACHED) . X LR AW AL B A % 5 Wik & s
ERMELTE N5 5 AT B R i 7 7 ik
FERRTE AICL; BB T, 580 FL0E 1 2 0 H #8 b% nT se
TR 5 g R B 2L, 19 AICL; A3 5 44 1
R e I IS A SR B S

AL, B2 1 ALCTy 5 AR A i #v i i 72 1A 6 3
MEAAE R, & Be % AR A BT 75 1076 A6 RE I ok
PR R PO R, HaxX P/ BEE AICL WKL
S8 3 5 o B A 1A B R B A b R A
R, XA AE A T A A e AR A R 3 B
3 ClT 5 2= L6846 227 0 T 58 D72 s ik BE R 14 AIC,
INEE N REAY 5 5| R BT 2L, M IniE 1 R R B

34 ®

R B ARAE 5N B 55 Wi 5 1) 3 B J A,
AF 5T LA A GV PR S 2 AR D I 9 A ] P A (g
K AR NI FERT G, DL 5 B g i ALCL; A 4h
TR, TR FT T AR BR MR i b B 5Kk A A0 B8 A2 o 2 1)
soml, BARGESA DL .

(DAICI; M AM A #8517 B3 52m, RIN
KMV - 2 AR 0 2 2 PRI R R AR A8, R R R
IR Ve iR B 38 1, 45 o B2 4 2D, OH/CH,, LU
R, SEESRE N . AICLy AbFEIK B34 N ZE 0.3 mol/L
S EF A IR A 25 20 23 S A B K

(D AICl; REH R BEARM RIS R, BIEAM
Boe pp I B2 FRAIG, PR AR 28 1K, W RE B BRI 24
AICly Kb F IR E 0.3 mol/L i, AHA e 46 B it i i
AIFEAR A 110 C LAF, £FrH0F H B0 B 2 )5 0%, B7E
PRI TR AR T B T iR 1 3 A B B G I B L i
MR

gx ERTIR, AICLy X AR M Al 5 25 K A 2. 3 i,
AT AT AR 3 A PR AR A, FL AICL X444 1 {4k
RORAT R mt bt o BTN IRN B AR M5 IR o] 5%
Wi A AL 2H 53 LA S AE BR B A FH T A 20 53 (%) 1% i e
PRAEI IR S, X AN R A (R A A B AR A R
HA R BHESNAE -
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