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Using Nanoindentation Technique to Deter mine the L ongitudinal Bagtic Modulus
and Hardness o Tracheids Secondary Wall
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( Reszarch Irstitute d Wood Industry , CAF  Bdijing100091)

Zhang Taihua

(State Key Laboratory o Nonlinear Mechanics, Ingtitute & Mechanics, Chinese Academy d Sdencss  Baijing100080)

Abdract: The detailed experimental procedure of us ng nanoi ndentation technique to determine the longitudind eagic nodulus
and naro hardness of trachei ds secondary wall was emphasized , base on which the longitudind mechanica properties of Chinese
Hr tracheids were measured. It was indicated both hardness and agtic nodul us of |atenood secondary wall were higher than ear-
Iywood cell wal. The longtudind eagic nodulus and hardness of latenood tracheids S layer were 14. 844 GPa and 0. 390 GRa

regoectively , while and earlywood cdl wal S layer had a corresponding va ue of 9. 823 and 0. 306 GPa.
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Tab. 1 Hardnessand modulus o Spurr resin 9.9
Hardness/ GPa Modul us/ Ga 4
Mean 0.153 3.201 ’ 3
Max 0.312 4.192
Min 0.078 2.603 !
SD 0. 064 0.423 )
v/ % 41.65 1322 0.1 nm, X-Y 0.3
Qourts 20 20 um-inch ', 2.54 cm, 0.3um




116
' ) 3 74m,
2 - ( 5 A
6
14 1 5
o
£ S
Qo
p 2.
£ 3
3 a3
i ®
® # 2
3
1
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
R FE SRR ENREE
Displacement/nm Displacement/nm Dispiacement/nm
3 Surr

FHg. 3 Rdationship between load ,hardness ,;iocuus ara digplacament of Sourr resn

4 faEE Cell wall

i AHBE Resin in lumen

HEGMARX Continuous resin region

4
Fg. 4 Shemdtic diagram of cross section of saple for nanoi ndentation
0.5 0.10 |
0.4 r : 0.08
£ : £
E 0.3 | g 0.06 | .
= : i
0.1t : 0.02 | .
l; L 1 ya¥ 1 L L )
0 1 1 1 1 I - A\
0 50 100 150 200 250 -200 -100 100 200 300
AR -0.02 1 FEARVRFE
Displacement/nm Displacement/nm
-0.04 -
Mode A Mode B
5 2 -
Fg. 5 Two typicd curvesdf load vs di placement
- 1 B L
) 2 (D)



2 S 117
- (2B A, Furr (3
, B 65.5 %,
32.1% , Mode A
2.3 S
6 S 0 50nm ,
, , 50 nm ,
6 , 50 nm
, , 100 200 nm
_ 20
0.8 0.7 s [
0.7 | 7 . 5 1e i PINVWRTRAA S,
z 0.6 | § E 14 I’
3 0.5 : g E 2
S 0.4} K E w
2ot § = % 8
® = #H 6
0.2 | & B 4
0.1 ‘:'. : 2
0 =t 0 0 -
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
i8¢ 4 SRR R
Displacement/nm Displacement/nm Displacement/nm
6 S
Fg.6 Rdationship between load, hardness, nmodulus and di gplacement of tracheids S; layer
2 S
Tab. 2 Longitudinal dagic modulusand hardness o earlywood tracheids S layer
Mode A Mode B
Posdhility/ % Load/mN Hardness/ GPa Modulus/ GPa Posshility/ % Load/mN Hardness’'GPa  Modulus/GPa
34.5(67.9) 65.5(32.1)
Mean 0. 350(0. 425) 0.306(0.390) 9.823(14.844) 0.112(0. 095) 0.073(0.080)  2.454(3.951)
Meax 0.582(0.732)  0.725(0.706) 14.674(28.087) 0.164(0.143)  0.108(0.110) 3.844(5.954)
Min 0.170(0.148)  0.169(0.186)  7.160(7.175) 0.067(0.050)  0.041(0.050) 1.833(1.268)
D 0. 131(0. 180) 0.190(0. 141) 2.799(5. 891) 0.028(0.031) 0.020(0.020)  0.489(1.588)
v/ % 42.9(42.5) 53.7(36.3) 28.5(39.7) 25.0(32.5) 27.0(24.8) 19.9(40. 6)
Qounts 10(19) 10(19) 10(19) 19(9) 19(9) 19(9)
S In brackets are longtudind dadic nodulus and hardness of latenood tracheids S, layer.
2 , S 0.390 GPa, 14.844 GPa;
S ) 0.306 GPa 9.823 GRa,
(1) (Lee, 1961) , 1 (2)
S 1 (3) (Hale et al. , 1963)
S S
(Page et al. , 1977;1983) (SAmen et al. , 1985; Koponen et al. , 1991)
Wimmer  (1997) 80 a ( Picea rubens) S

13.49 21.00 GPa Mode A : 9.823 GPa(
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