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Pore structure.microfibril angle and cellulose crystallinity of
Salix psammophila

ZHOU Xianwu,DENG Liping, WANG Zi, WANG Yurong,LU Jianxiong,ZHAO Rongjun

(Research Institute of Wood Industry ,Chinese Academy of Forestry,Beijing 100091, China)

Abstract; [Objective] The pore structure, microfibril angle (MFA) and cellulose crystallinity of Salix
psammo phila were studies to provide basis for more reasonable and effective use. [Method] In this study,
S. psammophila in Kubuqi Desert, Inner Mongolia was collected, and nitrogen adsorption desorption
(NAD) and X-ray diffraction (XRD) were used to estimate pore structure, microfibril angle and cellulose
crystallinity at different annual rings. [Result] The specific surface areas and pore volumes of three annual
rings of S. psammophila increased from pith to bark. The specific surface areas were 0. 54,0. 68 and 1. 81
m?”/g,and the pore volumes were 0. 002,0, 468 and 1. 560 cm’/g,respectively. Most pore diameters ranged
from 2 to 10 nm. MFA of three annual rings of S. psammophila decreased with the values of 14, 35°,12, 17°
and 10. 71°. The cellulose crystallinity of S. psammophila increased slightly from the first ring to the third
ring , with the values of 48.15% ,49. 23% and 49. 58 % ,respectively. [Conclusion) Salix wood near the bark
had higher specific surface area, pore volume and cellulose crystallinity as well as lower MFA, indicating
that it is better raw material in producing cellulose materials and bioenergy.
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Fig. 1 Sample sawing sketch of Salix psammophila wood
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Table 1 Specific surface area and pore volume of

Salix psammophila at different annual rings

AR KRB/ (m? « g7 fLIEBY/ (em? « g71)
Annual rings Specific surface area Pore volume
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3 1. 81 1. 560
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Table 2 MFA and cellulose crystallinity of

Salix psammophila at different annual rings

AR WA 2241/ () YR ME/ %
Annual rings MFA Crl
1 14.35+1.14 a 48.1541.34 a
2 12.17+1.85 ab 49,2340.68 a
3 10.71+0.98 b 49,584+1.94 a
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N \/\
ST 2 I 7

FLBR S Fa T4 52 e R B 200 it BE 1 ) B D e
JBz o LI 2 A 1) 39 22 22 AR R B 1) 400 i R % 2 1 240
N BE S 2 am B . H R X T AR A0t BE £L B 2 A 1)
FE A o ABFIEE UCR A NAD J7 3% I 42 70 4 240 i
BER) LB Z5 A e BRUD AT 2 AR AR B Y HL 2 1w
UG T 000 A0 45150 00 245 194 1E B AR R B 1 Ll 3% T
BT m?* /@) VML H He A A B B S0 1
M BEZEAG . 52T O B VAR I O HAT B 50U 1Y
i BE 25 kg TR T EL A e B R B A i BE g 5
21 4 2R ORI ¥ A 2 TR A A 7 T e R R A A
Jot A A A 0 B2 e A JEUREFL B 25 Ay B 22, L 3 i B
R BN T 3 500 5 TSR A 8 00 4 Sl ORI S 0
PRIl A b A3 BT AT R S AR R A Y M0 b A
BRI L 2 T AR AT B e o 2 o IBCET 4 3R R AR W)
Jot A TR AL 19 DA

BT R FH i D' 0 Bl B 125 X5 V0 MIAA B 2T 22 Ay
PEAT T AR SR B S 1 XRD AR X7
WIRE D 2T 22 f i A2 1) 28 S R AT T 05 » e B o A
S8 B M L B Bz a2 /) L JErP AR 3 AR R R
LT 2200 550 1 5 B W 5 22 57 M2 1
SRR/ T 25, 406 HRET BT AT AL AR B LEF 2
£ ph 8O0 B RS RSB WU/ T L v M
LT 22 f1 B9 A 1) 22 S A5 A — MBOR M DT 22 1 1R 22 S5
B MEA XA B 5 R RS AR A AR K
MF A /N A MRS T3 16) 538 BE o ROSF R e
DRV AT L2300 00 0 AT 5 ) ) 5 J3E R RS A e
JOL G A [ 8 € ) — MBI AR b 5 5 S B 1) Y0 A
AL 22 #1708 0] LA 53 A B TS5 1 588 5 AR
SPRRE MR AR A L IR T 45 S FL B A R R £
YE R G L AR — P BT

AHI T YOS VDM A [ 4F e A £F 4 3R 45 2

PEAT TS e DL L2 2 23 45 it J3E D 0 B WY B 21
ISR IPN TR N e ) R A DR
Pe—F L RN X i R R AR R K
KB R ARG S WA AW & B
J7 2553 B A B XRD 4 19 V0 BIRT 27 4 3% 45 &t JEE A
3 AR A) B AT R 2 22 5, DA in A T R
A IS T L7220 W 4 58 X 2 4 3R 45 B R R

18 ®

UMD 3 AN AEFE AR (19 bU 3R T8 AR M BE O B R B 4y
B 0. 54,0. 68 F1 1. 81 m®/g., L B4 Bl K
0.002,0. 468 F1 1. 560 cm® /g, 7 [ FLFTFL A& B
O B0 B B2 24 328 o 1 O, 0 S I Y B B R M [ 3R
T AR A LR AR i TR 2 MRS R . YOI
MR AETE AL A FLRTR LSS # - KBS 2 i FL PR B A2
LHATE 2~ 10 nm, VWM 0 RE 2 /o
12417 AR T — e il i o i HL N B8 00 2B Bz 328 7 0
N HE IR B R B AT 22 A B A T S RO 1
KA o UOMIRE (R 2T 4 25 25 i B DARE O BB 1z 2 1 1
K ABEHETZ . ZRAK., FEIEREADEIMEA
AR B R T AR FL AR AT 2 R A R N I B
2T 22 Ay 2 T MRUET 2 3 RE RN AR W) 5T R U 1Y) 4T )
kL

(5% 30k ]

[1] Kubo S,Hashida K, Makino R, et al. Chemical composition of
desert willow (Salix psammophila) grown in the Kubugi Des-
ert, Inner Mongolia,China:bark extracts associated with envi-
ronmental adaptability [ J]. Journal of Agricultural and Food
Chemistry,2013,61(50):12226-12231.

(2] % R.Jones-Gwynn L L.IMEG. i# A ¥R DI L 4L S

B @ g L], AR 4k 2 5 Tl , 2006, 26 (1) : 91-94.
Xu F,Jones-Gwynn L. L., Sun R C. Fibre morphology and ana-
tomical structure of sandlive willow (Salix psammophila )
[J]. Chemistry and Industry of Forest Products, 2006,26(1);
91-94.

[3] XuF,Geng Z C.Lu Q,et al. Salix psammophila pulp obtained
by alkaline hydrogen peroxide process [ J]. Cellulose Chemistry
and Technology,2006,40(1/2):93-107.

[4] Sun X F,Xiao B,Baird M S. Modification and characterization
of fibers of three sandy willow shrub species [ J]. Forestry
Studies in China,2006,8(3) :16-21.

[5] Jiang J X, Tang Y, Wang K,et al. Influence of steam pretreat-
ment time on chemical composition and simultaneous sacchari-
fication and fermentation for ethanol from pruning shrub stalks
[J]. Journal of Biobased Materials and Bioenergy,2011,5(2):
258-264.

(6] #E X R BRa 5. Yokt X g 5 FM [T B 2R



%1

JEL R L A5 VDA FL B A5 H L RET 22 A AT 2k R 45 S TS 51

(7]

(8]

9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

4l ,2011,42(4) :57-60.
Xue Y,Yang G H,Chen J C,et al. Salix psammophila charac-
teristics and comprehensive utilization [ J]. East China Pulp and
Paper Industry,2011,42(4) .57-60.
Ding W D, Koubaa A, Chaala A, et al. Relationship between
pore structure, wood density and methyl methacrylate impreg-
nation rate [J]. Wood Material Science and Engineering,2008,
3(1/2):62-70.
AR T R BEIHE 9E H K RURR K 1 B AT 22 f BT T
[T, Al B2, 2008,36(31) : 13636-13638.
Feng L Q,Ma B, Hou L Y. Study on the wood structure and
microfibril angle of Myricaria platyphylla Maxim [J]. Journal
of Anhui Agricultural Sciences,2008,36(31):13636-13638.
42 IRORMBEREE (M. dbatBhAE R, 2003:20-27.
Li J. Wood spectroscopy [ M]. Beijing: Science Press.2003:20-
27.
Alvira P, Tomas-Pejo E, Ballesteros M, et al. Pretreatment
technologies for an efficient bioethanol production process
based on enzymatic hydrolysis: a review [ ] ]. Bioresource
Technology,2010,101(13) :4851-4861.
Sun Y, Cheng J. Hydrolysis of lignocellulosic materials for
ethanol production: a review [ J]. Bioresource Technology,
2002,83(1):1-11.
TR RE. 4 Fh i AR LEF 22 ff Be HoAZ St g [0 2 difel
Fl2%,2008,36(7) ;2747-2748.
Feng L. Q. Study on the microfibril angle in four species of
shrubs and its variability [ J]. Journal of Anhui Agricultural
Sciences,2008,36(7) :2747-2748.
P, BT  » Clair Bruno, 55, 500 W & R AE A% AN iz A
WAL EE K (1], Aol 24, 2011,47(10) 1 134-140.
Chang S S, Hu J B.Clair B, et al. Pore structure characteriza-
tion of poplar tension wood by nitrogen adsorption-desorption
method [J]. Scientia Silvae Sinicae,2011,47(10):134-140.
&OME.E RGEDES G X RTINS B AT LT £ A
mAE SR [T ] AR JEARoll K2 241, 2007, 35(8) 1 28-29.
Yu Y,Wang G,Qin D C,et al. Variation in microfibril angle
of moso bamboo by X-ray diffraction [ J]. Journal of North-
east Forestry University,2007,35(8) :28-29.
Cave I D. Theory of X-ray measurement of microfibril angle in
wood [J]. Forest Products Journal,1966,16(10) :37-42.
Segal L,Creely J J,Martin A E,et al. An empirical method for
estimating the degree of crystallinity of native cellulose using
the X-ray diffractometer [J]. Textile Research Journal,1959,
29(10) :786-794.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

McMillin C W. Fibril angle of loblolly pine wood as related to
specific gravity, growth rate, and distance from pith []J].
Wood Science and Technology,1973,7(4) :251-255.

TEAG % XA L 33 0 25 R X 2R AT 5 AR 43 A B
MEORET 2260 V5 e B v SR s [0 0. Dbl 2% 50635 4
Br,2010(5) :1404-1407.

Wang Y H,Liu X E,Jiang Z H,et al. Analysis of the microfi-
brilla angles &. crystallinity index of Daemonorops margari-
tae with X-ray diffractometry and the effects of y-ray irradia-
tion [J]. Spectroscopy and Spectral Analysis,2010(5) ;1404-
1407.

RAAE  BUB AR AR AT AR AT 22 £ T 5 A R % A S A
B ST (1], A Tl 2000, 14(3) : 13-15.

Fei B H,Ruan X G. Study on wood microfibril angle and the
correlation models with growth ring density of ginkgo [J].
China Wood Industry,2000,14(3) :13-15.

VLPE R 2R A VLM A R 5 3R 4 0 AR b 2F 4R 25 L Bl 2
22 SRS AR SR SY [T, BOR A B2 4. 1992, 19 (4) ¢
255-262.

Jiang Z H, Fei B H. The variation of fiber form, microfibril
angle and crystallinity of different strains of poplar wood in
the flood land along the lower Yangtze River, China []].
Journal of Anhui Agricultural University, 1992,19(4);255-
262.

A BLL PR TR, B R, A5 FRAM B e R JBTR 45  RE 1 AR
A8 5 B A 2 P BT [T, ARJE ol K24k, 2012,40(4) - 49-
54.

Cui K,Sun Q F,Liao S X, et al. Wood anatomical properties
of Calocedrus macrolepis and radial variation and chemical
property of crystallinity [J]. Journal of Northeast Forestry
University,2012,40(4) :49-54.

B EL A BL.ok WS, AR BRAIR B TR S RS B Y bR
WS [ PUAb AR Be 244 . 2012, 27(6) : 159-164.

Liao S X, Cui K, Zhang P, et al. Variation of wood tracheid
character and crystallinity of Calocedrus macrolepis [J].

Journal of Northwest Forestry University,2012,27(6):159-
164.

U, VL AT T L SF L R X5 4R AT 5 2 T A A £
AR GG [T ARIEHO R %% 42,2010, 38(8) . 75-77.
Yang S M,Jiang Z H.Ren H Q,et al. Determination of cellu-
lose crystallinity of bamboo culms with X-ray diffraction
spectrum [ J]. Journal of Northeast Forestry University,

2010,38(8):75-77.



