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Abstract: The micro pore structure of wood is an important factor affecting its macro water migration, heat transfer and mechanical
properties. In order to quantitatively characterize the influence of pore structure on the above physical parameters, the first task is to
obtain accurate pore structure parameter information. However, traditional pore structure detection methods are slightly inadequate in
terms of three-dimensional pore structure evaluation and accurate quantitative analysis of parameters. In this paper, X-CT ( X<ay com—
puted tomography) technology was used to reconstruct the three-dimensional pore structure of wood, and on this basis, the pore struc—
ture parameters were quantified with digital image processing technology, in order to provide a new way for the detection and quantita—
tive analysis of three-dimensional pore structure of wood. This study took larch and oak as the research objects, carried out X-CT detec—
tion on them, and performed 3D volume rendering ( 3D stereo images) on the scan results ( two-dimensional multidayered graphics) in
Avizo software. On this basis, digital image processing methods such as image cutting, noise filtering, threshold segmentation and
marker were used to identify the 3D pore structure characteristics. Porosity ( volume/surface) , pore area and pore volume, pore size
distribution and connectivity were quantitative calculated. The results showed that in the 3mm cubic pine sample, the pore size range
was 9.65-79.51 pm, the average pore size was 26.03 pm. the pore volume was 1. 58 x 10" Mm3 , the pore area was 1. 65 x 10° pm’
the volume porosity was 58.46% , and the surface porosity range was 56.61%—-59.64 % . The area and volume ratios of axial intercon—
nected pore were about 78.5 % and 80.3% . In the same size oak samples, the pore size range was 11.01-319.68 pm, the average
pore size was 51.24 um, the pore volume was 1. 01 x 10" jum®, the pore area was 1. 12 x 10’ um’, the volume porosity was 37.57% ,
the surface porosity range was 36. 05% —39.07% . The area and volume ratios of axial interconnected pore were about 74.4% and
67.3% . This study qualitatively and quantitatively characterized the wood pore structure based on X-CT technology, which can provide
data support for the reconstruction of pore structure of wood and the simulation of thermal conductivity, seepage and diffusion, and pro—
vide a new idea for the study of microscopic pores of wood.
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(a) Equipment appearance (b) Sample scanning
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Fig. 1 X-CT equipment
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Fig. 2 Two — dimensional slices of pine and oak
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Fig. 3 Multilayer two — dimensional images
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Fig. 4 Surface porosity of pine and oak under different section layers
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Fig. 5 Three — dimension pore structure of pine and oak
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Tab. 1 Basic parameters of pore structure of pine and oak
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Fig. 6 Pore size distribution

Kl 6 AR SFEAR AL ARG B, 246 43
R BRI, 53X IF A2 A B 55 19 42 58 LR S
il A AL o A R 2 &, R 2 LA
GyATIE WO . AR AL R ST 9. 65 ~
79.51 wm, FHFLAEH 26,03 wms FEATLEE R
IS4 11. 01 ~319. 68 pm, E-3¥FL# K 51.24 pm.
FAARSLAR S B TR S o A ka3, RIFLAR RT3 A 358
N5, B 43 L B AL AR 28 A B — 2 T x
FEARTI , 1 T8 w4 5 R i 4 59 449 3 Dl (-
), FEALR 2 5 BOR, a5 A8 FLAR RST7E 300
pm 247, R R E A3 LR AL AR AR A ke 35 25 R4
Ko XS FAURFR S LRI 301, AW F R 4

L FEF N X - CT % £ e & 1 EZ Ak B3k
R HER R R 04T A5 3800 H 53 ( AR 58 R L Avizo
A L 3xX 5 S BR AR LS A LR B R A 25 i,
ORI A SERTFE AT 2 L Guo 251
2.3 X-CTMEFLREHSEBES
ATIGERTEE B RN A 5 [ 0 B4 A AR 247 X-CT
R, A ANFLBR AR (A4 AL AR LR R AL
o3 A B ik SRR S 8 (HR IR B AR T AL
PR FLAR 5 A0 A S5 I A BT L A R —
HATIE . FEREA LT 3 J5 i O PR )5,
2.1 LB AT LA A BT ik, AR S8R I Ry ok
GRALBR, A AE S BR ) 40 K G AL B I AR ARA, PR



555

WAL L 45 FE T X=CT HOR AR = HEfLBRS5H € 5 LT 49

SRS AL B AR FR/N T BS (E; Q1 FL B R Ty
T, X=CT FARFLAR A TR T ER AR, 1 5 AR
P AL AT (AR B4 L 254 22 S R DTEAL B2 1 5
TET , ASAIF 50 R B {73 RS 2 PRUAR AT AL B ik
i385 AR AE SE PR AR v, A7 7 P IR AN DL s
I HREIFLER D I3 B i R AN I A B SR

3 45e

iz X = CT BORKGI AR FLER A5 1, 5505 &
BACIRHARLE G X AR FLBR S5 M 47 38 250 5
T2 A € 1R AR, TG FEAR T .

(1) ZEARAAL AT B A5 FLA2 73 A~ FLBR 3 fLTH
FROSA LR TR FUAS I 25 2, 38 AT R A = AL B 25
) R 32 300 P 2 AR I T Be AN BB 5 1l g A Kt

(2) i1 3 mm B2 I RFAARFE A A, LR RS
T 9.65 ~79.51 wm, FHFL4EH 26.03 pm, L
K 1.58 x 10" pum’ , FLIE ALK 1. 65 x 10° um?,
ALBR 2Ry 58. 46% , THI L R 2R 75 [l 456.61% ~
59. 64 % ; %l ) 1% 38 FLBRFLTE AR SRR & A B 22
78.5% 5 80.3% .

(3) [AIAE R B FEARAE A, FLAR RO i
11.01 ~319.68 pm, P14 51. 24 pm, LK
H91.01 x10"°( wm’) ,FLE AR K 1. 12 x 10° ( um?)
ALBREH 37. 57 % , TH LB % [l 24 36. 05% ~
39. 07 % ; % 1] 12 308 AL B L TE B S5 AR 5 B33l 249
74.4% 5 67.3% .

(4) B For e LAY K 4380 7 vk i B
A S (ARG UG B2 A R 482 v, (ELIG D7 T 1 2 A R B
FEFEZ T 0], M Bl & B 5E (i — b e 2 5 IR
AL YTTE X = CT HARTEAMAFLER 25 46 4500 75 T8I 114 g
77, B ] AT IO 0 FLIE A 0 LR 45 A 15 2
AT AR FLIRGE 1 F AL B T 30 8 U ) TR L 4
PELRR S5 F B S 4%

(& % x Wkl

(1] E97, £ Kb 2 RBEFLBIZE G B AR T7 B R [J].
Mok Bl2£,2014,50( 10) 123 -133.

WANG Z, WANG X M. Research progress of multi — scale pore
structure and characterization methods of wood [J]. Scientia Silvae
Sinicae, 2014, 50( 10) : 123 —133.

(2] YINJP, SONGKL, LUY, etal. Comparison of changes in mi—
cropores and mesopores in the wood cell walls of sapwood and hear—
twood [J]. Wood Science and Technology, 2015, 49(5) : 987 —
1001.

(3] fafRs, W75, R4, 5 BAT 58 F A8 A B FL I 454 11 HL 52
(07, B ROARl A=A 4R ( FLAARR) ,2017,41(2) < 157 - 162.

HE S, XU J, WU Z X, et al. Compare of porous structure of moso
bamboo and Pinus sylvestris L. lumber [J]. Journal of Nanjing For—
estry University ( Natural Sciences Edition) , 2017, 41(2) : 157 -
162.

(4] RAJAGOPAL H, KHAIRUDDIN A S M, MOKHTAR N, et al.
Application of image quality assessment module to motion — blurred
wood images for wood species identification system [J]. Wood Sci—
ence and Technology, 2019, 53(4) : 967 —981.

[5] PLOTZE M, NIEMZ P. Porosity and pore size distribution of dif-
ferent wood types as determined by mercury intrusion porosimetry
[J]. European Journal of Wood and Wood Products, 2011, 69
(4): 649 -657.

(6] MM, 593k, Clair Bruno, 45, S BF 2 FAE A7 AR HEA Y
FLERGEA [T]. ARk FF2#,2011,47( 10) : 134 - 140.

CHANG S S, HU J B, BRUNO C, et al. Pore structure character—
ization of poplar tension wood by nitrogen adsorption — desorption
method [J]. Scientia Silvae Sinicae, 2011, 47( 10) : 134 - 140.

[7] ZAUER M, HEMPEL S, PFRIEM A, et al. Investigations of the
pore — size distribution of wood in the dry and wet state by means of
mercury intrusion porosimetry [J]. Wood Science and Technology,
2014, 48(6) : 1229 - 1240.

[8] LILL, WANG X M, YAN Y, et al. Pore analysis of thermally
compressed Scots pine ( Pinus sylvestris 1..) by mercury intrusion
porosimetry [J]. Holzforschung, 2017, 72( 1) : 57 - 63.

(9] Z=rs. AU A RS ARBARBTTE A FLBR S 13 KooK 5332 3h
(D], MEAITEFS: A 52 lfell K%, 2017,

LI X Y. The pore distribution and water movement in wood studied
by time domain nuclear magnetic resonance technique [D]. Ho—
hhot: Inner Mongolia Agricultural University, 2017.

(10] WILDENSCHILD D, SHEPPARD A P. X - ray imaging and anal-
ysis techniques for quantifying pore — scale structure and processes
in subsurface porous medium systems [J]. Advances in Water Re—
sources, 2013, 51: 217 —-246.

[11] ALKAN S, ZHANG Y L, LAM F. Moisture distribution changes
and wetwood behavior in subalpine fir wood during drying using
high X —ray energy industrial CT scanner [J]. Drying Technolo—
gy, 2007, 25(3) : 483 —488.

[12] BIZIKS V, ACKER J, MILITZ H, et al. Density and density pro—
file changes in birch and spruce caused by thermo — hydro treat—
ment measured by X — ray computed tomography [J]. Wood Sci-
ence and Technology, 2019, 53(2) : 491 —504.

[13] PERNKOPF M, RIEGLER M, GRONALT M. Profitability gain
expectations for computed tomography of sawn logs [J]. European
Journal of Wood and Wood Products, 2019, 77(4) : 619 -631.

[14] ZHAO J Y, YANG L, CAL Y C. Combining mercury intrusion

porosimetry and fractal theory to determine the porous characteris—

tics of wood [J]. Wood Science and Technology, 2021, 55( 1) :

109 - 124.

HERMANEK P, CARMIGNATO S. Porosity measurements by

X —ray computed tomography: Accuracy evaluation using a cali—

brated object [J]. Precision Engineering, 2017, 49: 377 —387.

[16] GUO LY, CHEN J F, CHEN W T, et al. Pore structure charac—

[15

s

terization of oak via X - ray computed tomography [J]. Bioresourc—

es, 2020, 15(2) :3053 -3063.



