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Effect of compression ratios on the surface hardness of poplar wood
scrimber
Yingqi He!, Qin Lu?, Yamei Zhang", Yanglun Yu', Wenji Yu!
( 1Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091,China; 2 Hongya Bambooera Technology
Co., Ltd, Sichuan Province, 620366)
Abstract: [Objective] In order to provide reliable methods and scientific basis for the modification of poplar wood surface and the
optimization manufacturing process of wood scrimber, the directional recombination technology was applied to manufacture the wood
scrimber of poplar with high-hardness, and then the effect of compression ratios (CR) on the surface hardness of wood scrimber was
studied. [Method] The wood scrimber with compression ratios of 1.00, 1.22 and 1.44 were prepared by the directional recombination
technology, and the Poplar, Beech and Russian oak were taken as the control samples. The values of Janka hardness was measured by
the universal mechanical testing machine. And the macroscopic and microscopic morphology of samples, as well as the damaged
surface for samples during the testing process of Janka hardness were observed by ultra-depth-of-field three-dimensional microscope
(UDTM) and field emission scanning electron microscope(SEM). Additionally, the porosity of the samples was tested by Mercury
injection porosimetry (MIP) and distribution of Phenol-Formaldehyde resin (PF) within the wood scrimber was characterized by laser
scanning confocal microscopy (LSCM) and transmission electron microscopy (TEM). [Result] The experimental results showed that
the Janka hardness values of wood scrimber increased with increasing compression ratios. The Janka hardness value of wood scrimber
with compression ratio of 1.44 increased by 12.63 times compared with that of poplar wood. Furthermore, the Janka hardness value of

wood scrimber was much higher than those of Russian oak and Beech. In practical applications, the appropriate compression ratio of
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the wood scrimber can be determined according to the needs in different area. The analysis of stress-strain curve of Janka hardness
showed that the proportional ultimate stress of wood scrimber increased with increasing compression ratio. The observation of SEM
and UDTM revealed that the failure surface of poplar wood was ductile fracture, but changed to brittle fracture for the wood scrimber.
The porosity of the samples tested by MIP showed that directed recombination technology significantly reduced the porosity of poplar
wood, and the porosity of the wood scrimber decreased with increasing compression ratio. The observation of LSCM and TEM showed
that the width and depth of PF resin distributed along the glue layer band gradually increased with increasing compression ratio and
penetrated into the vessel, wood rays and fiber cells. The reasons for the increase in surface hardness of wood scrimber were as
following: In the manufacturing process, the vessels and fiber cells of poplar wood were compressed, and the porosity of wood scrimber
was reduced. Therefore, the parenchymal density of wood cells in per unit volume was increased. Additionally, the binding area between
the wood cells is increased and the connections are tighter. Meanwhile, the PF not only fixed the compressed cell structure, but also
increases the strength of the connection between the wood cells through the formed glue nails, which effectively improved the surface
hardness of the wood scrimber. [ Conclusion] The directional recombination technology can be applied to solve the soft problem and
low surface hardness of poplar wood, and the surface hardness of the wood scrimber can be adjusted through the compression ratio, so
that the products prepared by the directional recombination technology can meet the needs of different applications.

Keywords: Fast-growing poplar wood; directional reorganization; compression ratio; hardness; wood scrimber
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Fig.2 The Janka hardness values of wood samples and wood scrimber (WS)with different compression ratios (CR)
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Table 1 Variance Analysis of the influence of compression ratio on the surface hardness of wood scrimber

K25 3 A 1 7
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Fig. 3 Force-displacement curve (A) and stress-strain curve (B) of poplar wood and wood scrimber
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(ABE) -JFA; (BF) -JEZE%N 1.00 (ELIA; (C,G) -EA4FAN 1.22 EMAA; (DH) -E4HRN 1.44 FELAK; (A, E) -Polar wood; (B, F) -
wood scrimber with a compression ratio of 1.00; (C, G) -wood scrimber with a compression ratio of 1.22; (D, H) -wood scrimber with a compression ratio of
1.4
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Fig.4 The UDTM images: the damaged surface morphology of poplar wood and wood scrimber
& 2 AR EEARNERARE FEERE
Table 2 Indentation depth and rebound depth of poplar wood and wood scrimber

JEIRIRPE [ LR B
kL Material )
Indentation depth Rebound depth
JEUA Poplar wood 1.85 0.97
HAAR-FEAZ A 1.00  Wood scrimber with a compression ratio of 1.00 139 143
HEAAR-JESF A 1.22  Wood scrimber with a compression ratio of 1.22 122 160
EHA-ESiE N 1.44  Wood scrimber with a compression ratio of 1.44 108 174
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i v ,. 4 - 0h, /9 §: ‘

(Al, A2) -JFAK; (Bl, B2) -FR4i% N 1.00 WEAAR: (C1, C2) -E4EZHN 1.22 (MELAK; (DI, D2) -FE4iFE N 1.44 WHEAK; (Al, A2)-
Polar wood; (B1, B2)-wood scrimber with a compression ratio of 1.00; (C1, C2) -wood scrimber with a compression ratio of 1.22; (D1, D2) -wood
scrimber with a compression ratio of 1.44
[El 5 SEM [Bl: FLHAKRREEE MK AR5
Fig.5 SEM images: the micro morphology of damaged surface of poplar wood and wood scrimber
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cross sections of samples, A2-D2 are the radial section and compression sections of poplar wood and wood scrimber, respectively, and A3-D3 are the
tangential section and width sections of poplar wood and wood scrimber, respectively ; (A1, A2, A3)-Polar wood; (Bl, B2, B3)-wood scrimber with a
compression ratio of 1.00; (C1, C2, C3)-wood scrimber with a compression ratio of 1.22; (D1, D2, D3) -wood scrimber with a compression ratio of 1.44
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Fig.6 The micro-morphology of poplar wood and wood scrimber
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Fig.7 Cumulative Intrusion vs Pore size (A) and Log Differential Intrusion vs Pore size (B) of poplar wood and wood scrimber
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Table 3 The pore characteristic parameters of poplar wood and wood scrimber

FENTR LS AR LA EINGES
IR Total intrusion volume (mL/g) ~ Average pore diameter (4V/A)/nm Porosity(%)

¥ Poplar wood 13697 285.52 65.1952
HAAR- A 1.00

Wood scrimber with a compression ratio of 1.00 04486 8223 378821
HAAR-E AR 1.22

Wood scrimber with a compression ratio of 1.22 03132 3070 308979
FHAR-IEA AN 1.44

0.2236 30.40 24.3674

Wood scrimber with a compression ratio of 1.44
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FRARAR IR A FLBR 2655 FLIR S 3 SR W N 3
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1] 4.44%- 2.96%- 22.22%- 11.11%F1 57.78%; fEEH A, FLEREZELE 6~780. 780~3780 Fil 3780~72507
S0 BB P9 FR AL AR R 20 300 o5 SRR 17.14% 71.43%F0 2.86%. Ak, EFFEIFLE T, EAAM B FLAFpE
S s 248 26 1 338 0 v 228 5 k) o

HE 7 (B) mI%1, BAMFLERA 2o it 28 2 W RRAE, LG FLAE 2058 25.8 um A1 478 nm, J
W, 25.8 pm AR FIEAE T B0 A S E LR 478nm AL RIS (E T BT N A 2T 4E4E i i FL AR
AR FL BRI R 5 A 28y BRI REAE, HIEE FLAEVERE Y 1500 nm-2500 nm 2 8], A $ 4% R EH A G
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2.2.3 [RAAZN AR EH AR A5 KM

B C1

Al-D1 HEYIH, A2-D2 AAEVIM: (Al A2) -JiA; (BI, B2) -IR4i%09 1.00 (EAA; (Cl, C2) -4y 1.22 EAAK; (D1, D2) -k
45N 1.44 FIFEHAK; Al1-DI are the cross sections of samples, A2-D2 are the diameter section of samples; (A1, A2) -Polar wood; (B1, B2) -wood

scrimber with a compression ratio of 1.00; (C1, C2) -wood scrimber with a compression ratio of 1.22; (D1, D2) -wood scrimber with a compression ratio of

1.44
[ 8 B RERE: BHAARKRID
Fig.8 The LSCM images:Distribution of PF resin in wood scrimber
R IHOGIE S AR B B OS2 My RS JRO R H) A AL R A 0 A 0L, Jnf&l 8 P 44 %0y 1.00 I,
Py I RS i O3 AT E 2T AL PR 2 18] (R 20 A BBl B IR 2 R (K80, S AT 4R A gl s e By
P IV FZ 22 5 AT P 58 R IR BE B A N o IR 4 309 1.44 I, Ey e iR AEON 250 20 0 A4 A2
i Z 18], R KPR JEORG 1) 0 AT AE BB T IR 2R 6% L 2T R A i A ¥ B 8 v

AL-D1 NBEVITH, Al-JiA; BI-EZEHRA 1.00 FIEMAR: ClEAHFAN 1.22 WEMAR; DIEFHHEN 1.44 IEL4IK; Al-DI are the cross sections of
samples, Al-Polar wood; Bl, B2-wood scrimber with a compression ratio of 1.00; C1-wood scrimber with a compression ratio of 1.22; D1-wood scrimber
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9 ESBIRE: EEARNNRRSH
Fig.9 The TEM images: Distribution of PF resin in wood scrimber
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