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A Study on the Physical and Mechanical Properties and Fiber Features
for Three Tropical Acacia Tree Species
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Guangzhou, Guangdong 510520, China)

Abstract Due to rapid growth and strong adaptability, the development of artificial forest planting for A-
cacia tree species is very rapid. Understanding the wood physical mechanics and fiber properties of Acacia spe-
cies provides theoretical guidance for the targeted cultivation and high-quality wood processing and utilization of
Acacia species. The wood samples of Acacia mangium, A. auriculiformis and A. crassicarpa were collected from
the plantations at the ages of 5 years and 8 years to analyze the physical and fiber properties such as density, dry
shrinkage characteristics, hardness, compressive strength parallel to grain, bending strength, length, width,
cavity diameter, and double wall thickness of wood fibers were systematically determined and analyzed accord-
ing to the Chinese national standards. The basic density of the wood of these three types of Acacia species
reached 0. 37 — 0. 56 g/cm’, and the volume dry shrinkage rate was only 7.83% —8.91%. The hardness,
grain pressure, and bending strength of the wood were 3. 90 — 6. 85 KN, 41.82 —52.56 MPa, and 83.53 -

107. 30 MPa, respectively. Their wood deformability was much lower than that of tree species such as Eucalyp-
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tus urophyllus and Eucalyptus grandis; Fiber length was between 1 066. 71 and 1 326. 90 pwm. It is an excellent
raw material for hardwood papermaking. The wood basic density and physical and mechanical properties of
A. auriculiformis and A. crassicarpa were significantly higher than those of A. mangium. In terms of fiber mor-
phology, the A. crassicarpa was relatively slender, the A. mangium was relatively broad, and the
A. auriculiformis was relatively short. Based on the analysis of membership functions from different years, the
comprehensive performance of A. crassicarpa was the best. The research results provided a reference for the di-
rectional cultivation of Acacia species and its wood processing.
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Table 1

Basic information of the plant

Wi /a Age 4 Fh Species

F47%55/m Tree height

942/ cm Diameter at breast height

KA A, auriculiformi
5 JEJEAIE A. crassicarpa
O 5 MR A, mangium
KA A. auriculiformis
8 JEJEHIE A. crassicarpa
I 5HUE A, mangium

5.20+0.16 9.12+0.13
4.68 £0.13 8.70 £0.57
6.48 +0.13 10. 50 +0. 57
8.06 +0.15 14.12 £0.72
7.78 +0.22 13.90 +£0. 81
9.58 £0.22 15.70 +0.79
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Table 2 Variance analysis for main physical properties of three Acacia tree species at different ages

HAEE

Base density

LT
Dry density

ST
Air density

EORE e
Radial

UdDR RS

Tengential

BT 4R

Volume

T 2= shrinkage ratio shrinkage ratio shrinkage ratio
Source of
variance F WE M B F ol B BEE B B
F value Signific F value Signific F value Signific F value Signific F value Signific F value Signific
ance ance ance ance
A
e 333.18 ® ok 43.99 * ok 142.25 ok 165. 04 ® ok 128.1 ® ok 127.5 ® ok
Tree age
W Fh
. 94. 34 * ok 16. 6 * ok 32.26 ok 84.01 * ok 247.6 * ok 303.5 * ok
Tree species
T o FRRBFEKT 255,
Note; :*:* indicate extremely significant difference.
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Table 3 The main wood physical properties of three Acacia tree species

5 4EH: 5 years

8 4F/E 8 years

PEB
Traits KRR DA Ty RO EEHE DSME T
A. auriculiformis A. crassicarpa  A. mangium Mean A. auriculiformis A. crassicarpa  A. mangium Mean
BR R . -3
EAEE/ (g 'cm ) 0.46 £0.01 0.47+0.01 0.37+0.01 0.44+0.04 0.51+0.01 0.56+0.01 0.50+0.01 0.52+0.03
Base density
BRI . -3
=FEE/ (g' em™") 0.50£0.02 0.51+0.01 0.44+0.07 0.48+0.05 0.53+0.03 0.57+0.03 0.51+0.03 0.54+0.04
Dry density
UTHE (g-em™) 0.51+0.04 0.54+0.01 0.46+0.03 0.50+0.04 0.56+0.01 0.60+0.03 0.56+0.01 0.57«0.03
Air density
1% 3%
{.Irﬂﬂ:'ﬁﬁﬁ/% . 2.49£0.12 2.91+0.12 2.71+0.12 2.71+£0.21 2.15+0.12 2.57+0.12 2.37+0.12 2.36 £0.21
Radial shrinkage ratio
%K/
32@1:?{5?//0 . 5.41+0.12 5.72+0.12 6.13+0.12 5.75+0.32 5.11+0.12 5.42+0.12 5.83+0.12 5.45+0.32
Tengential shrinkage ratio
1 P23
BT % 8.13+£0.13 8.68+0.15 8.91+0.12 8.57+0.35 7.83+0.22 8.38+0.1118 8.61 +0.19 8.27 £0.35

Volume shrinkage ratio
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Table 4 Variance analysis of wood physical and mechanical properties of three Acacia species at different ages

S TH s B2

AR THT AL

ity T Al . . . ) MRS g IR
End section hardness Tangential section Radial section Parallel pressure Compress strength
Jr KR ’ a hardness hardness press press streng
Source of
F value g F value g F value g F value g F value &
ance ance ance ance ance
SAR
i 82.75 * % 90. 25 * %k 84.4 * 214.3 * % 233.7 # %
Tree age
RFh .
339 % 295.55 # ok 189. 6 # o8 5658. 1 % 26 691.8 # ok

Tree species

T wox FRMBFEKE 225,

Note; *:* indicate extremely significant difference.
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ARIAEME T 45 3 W3 8, S5 SRrHrnl An, AHJE
B A=A R 5 27 4 5 B 21 2 s AR A 3 IR AR O,
YRR I 2E A G, AR BEPRIR 2 ]
P B IR DG, Ab 5 BE S A A 24 5 I B A OG
KTEESARA Y 2 B E N, BEm T45%
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Table 5 Mean values of wood physical and mechanical properties of three Acacia tree species at different ages

fifi ¥ (KN/cm®) Hardness

i 7L o
i /a i - i L e
Tree age Species Sity T EA] (@)
End section Tangential section Radial section ~ Parallel pressure Compress strength
A
5 X j‘*ﬁ. o 5.41 £0.34 4.26 £0.33 4.04 £0.34 49.21 £0.46 105.80 £2. 44
A. auriculiformis
B 352 AH HL
,;%*.HM 6.15 +0.34 4.40 £0.33 4.51 £0.34 51.32 +0. 36 104.53 £4.32
A. crassicarpa
11 B
Eﬁﬁ*ﬁ.b 3.90 +0. 34 2.54 +£0.33 2.85+0.34 41.82 £0.36 83.53 +3.42
A. mangium
N1 b
N 5.16 £1.01 3.73+0.92 3.81+0.78 47.43 £4. 14 97.96 +10. 33
Mean
A
8 x .ﬂﬁ o 6.08 £0. 34 4.93 £0.33 4.71 £0. 34 50.41 £0. 56 107.30 £2.44
A. auriculiformis
B S5 AH HL
J;;@FFI,U 6.85+0.33 5.10 +£0. 32 5.21£0.33 52.56 £0. 35 106. 05 1. 40
A. crassicarpa
H B
. IE)FH,'“ 4.57 £0.34 3.21+£0.33 3.52+0.34 43.00 £1.39 85.03 +2.42
A. mangium
Mean 5.82+1.00 4.39 £0.92 4.46 £0.78 48.61 £4.12 99.42 +10. 32
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Table 6 Variance analysis for fiber properties of three Acacia tree species at different ages

REFHE REHETEJE KeFYefEte RETYERLEE
Fibers length Fibers width Fibers cavity diameter Fibers double wall thickness

J7 25K

Source of variance

FAiA M FAA BEE FAH BEN FAiA M
F value  Significance  F value  Significance  F value  Significance  F value  Significance
T e 8 579 . 22,39 . 428. 1 * % 278.55 o
Tree age
ek 3360 s 27.29 * % 188.8 o 99. 81 e s

Tree species

s FORWRE K2,

Note; *:* indicate extremely significant difference.
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ST VR 3 A AH AR B 0 38 7 A v B R AR
KARRM LR G RN, RSO B0 b (9 51 pR 2L
AN TRIB o [] 118 A b1 40 B g 2 FNAR S A4 M R A 7
LA, FiRtrRIEEN R 9, N [FAE G Y
Lia e, B RIS E L KA R
5

3 5%t

ARAF 5 BE S T B AL UK BRI B ) ot 19 B8
JEATE AR R EEE AR, FEARM A T
AR, HESE WK R TRk, 5
A T A= SR R AR S AR
JEESEAA LB AP I AR B S5 B A Y — R LU AR Y
5 4EHE3K0.37 ~0.47 g/em’, 8 FEA4ET]3K0. 56 ~0. 60
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Table 7 Fiber properties of three Acacia tree species

AL 4/ umWood fibers

Hit/a R - ‘ - -
Tree age Tree species KE LR JEAE RUEEJL
Length Width Cavity diameter Double wall thickness
T S
5 j(.f*sb . 1 066.71 £6.28 16.97 +0. 61 11.99 +0. 41 5.10 0. 57
A. auriculiformis
L L
J:-;%fﬁw 1 200.40 +5. 14 17.24 £0.52 12.37 0. 51 4.93 +0.47
A. crassicarpa
o 54
Eglﬁ*ﬁfb 1133.37 +£5.2 17.17 £0. 56 12.19 £0. 41 5.04 +0.52
A. mangium
- 14
N 1133.49 +6.95 17.12 £0. 56 12.17 £0. 46 5.02 +£0.52
Mean
IHAH S
8 K .1‘*6 - 1 170.61 +12.07 17.35 £0. 54 13.21 +£0.45 4.14 +0.61
A. auriculiformis
S Egl\
J;;%*E‘b 1355.85+7.35 16. 88 £0. 57 12.15 +£0. 46 4.89 +0.58
A. crassicarpa
X, B
H'”E*E_b 1326.90 +7.91 18.11 £ 1. 51 13.41 £0. 39 4.30 £1.27
A. mangium
7 i}
o 1 284.45 +8.03 17.44 £1.09 13.58 +1.42 3.77 +1.39
Mean

g/em’, ARIEREAM I THE S o,
SAEAE 3 MM EM R AR MR THEES R 2 K
(0.351 ~0.550 g/cm’) , J& T 25w AR 2 i R4
1M 8 A 3 AR SR F B AR B ST B0 3 41
(0.551 ~0.750 g/em’) , JRTHEEEAM,

AW 46 2 AR 0 A R, R b F
—EM I RIS T R AR A,
SERCMAM I T AF A EERE ™ 5 448
AR 3 A SR Bl B A ) T AR Ak 2.49% ~
2.71% M1 2.15% ~2.57% , w/NFEMHHE, M
4% Populus deltoides ER R, KRR PET 5 9%
Gy, S AR A AR R Rl R B B 4R 1) 4 R 8
BT 3% (2.50% ~3.0% ) ; 8 AEA:AHERFP AN
AR m T4 R EARE T 2 % (2.00% ~
2.50% ) ; 3EGF WA SEUR Ao Bt 2 B A A B T, A
SR FRARE 2S5 ) T4 T35, RT3
faE, THEBRPBAES N

N IVIES %ﬁ&*ﬂf&ﬁ@%?%ﬂﬁﬁ
a2 B BRRAM E N — A Y
B AR Sy 2R R B R AR M RO Y

REJT, BFFEARM N )5 AT A K
%m PN AR R DR A RS P
SPE L BREE. MR, PUEF
X AR PER 5 Pk
m&%%ﬁﬁﬁﬂu¢ﬂ4ﬁ,ﬁm%ﬁﬁﬁﬁ
RIVEF 3 %, 5 FAM 8 4FEA T A A IS
PUESRES R T 2 9 (30.1 ~45.0 MPa), HALP
ASRERR A ST R SR 8 T 3 9 (45.1 ~
5 AFEAEFN 8 AFEAE 3 R R R BT
SREEHE T 3 9% (88.1~118.0 MPa), 5 REM#4,
EFSFAIT, WERMBFREERGZ, EA
[ a) 22 5 b, B o5 AH B A R M P 38 ) 2 A

60.0 MPa) ;

LTI BRI ARAEL,

WA
e gt
mm L [,
) BERPY,
SO BB I A i

J5 P WA AL

RIFAHRE . S G R
ARG R A S 58 PO 2R B Rl L R T 4R
EN N BESRE Y 20N

AN
ﬁéﬁt &
ﬁu&ﬁ%ﬁé#m
BT 8 AR R

e
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3 ARFEFHER FE TR 1. 0
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Table 9 Membership function walues and ranking of wood mechanical properties and pulp properties
of three Acacia tree species at different ages

5 4F 5 years 8 4F 8 years
‘l\i% e e
Traits ROFHEEISME DHEME O RPHRE ERME DR
A. auriculiformis A. crassicarpa  A. mangium A. auriculiformis A. crassicarpa  A. mangium
% BRI
A E 0.90 1 0 0.16 1 0
Base density
i&jl:%\g 0.98 1 0 0.20 1 0
Dry density
= TR RE
ATEE 0.63 1 0 0.15 1 0
Air density
(LR R ES
Radial shrinkage ratio 0 ! 0.52 0 ! 0.52
it o %
Wl THSE 0 0.43 I 0 0.43 I
Tengential shrinkage ratio
R 4%
Volume shrinkage ratio 0 0-70 ! 0 0.70 !
LY
Fibers length 0 1 0.84 0 1 0. 49
YL
Fibers width 0.38 0 1 0 1 0.74
AR
Fibers Cavity diameter 0 84 0 ! 0 ! 0.52
CF AR
Fibers Double wall thickness 0 ! 0.21 ! 0 0.64
it [F it 3
End section Hardness 0. 67 ! 0 0. 66 ! 0
5, THIRE
Tangential section Hardness 0.92 ! 0 0.91 ! 0
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