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0554; BN RERARDAMIREIZSAIANE, AoMIBITERALEL2HER, EHRARAEDRRAS
B JE A 339~341 C; A RRMAMERBREZRLE, KRB FH 4471%, A RAFmERE, ARZHGR
7K 3% (63.88 Nem™ - o) Fo it 5k 5% & (4.14 kPa-m™=-¢™"), Y E &4 Dendrocalamus sinicus F= ®A4% D. peculiaris 245 R,
TAEH MR MIER . B3 k4429

KEIR: AMF; 24 REAES,;, LFERS; HFABE; BRELN,; B

hESES: S781.3 XEkFRAERD: A XEHS: 2095-0756(2019)02-0219-08

Chemical composition, fiber morphology, and pulping properties of logging
residues in Phyllostachys edulis

LI Yuanyuan, ZHANG Shuangyan, WANG Chuangui, FANG Xuqin
(Anhui Agricultural University, Hefei 230036, Anhui, China)

Abstract: To make better use of logging residues of Phyllostachys edulis, this study used bamboo culm tops
and branches as research objects. Properties of the bamboo culm tops and branches, such as chemical composi-
tion and fiber morphology, were analyzed by Stereoscopic Microscope, Fourier Transform Infrared Spectrometer
(FTIR ), and Thermogravimetric Analyzer (four-year-old bamboo). The kraft process was used for pulp and pa-
per and evaluating its pulping properties. The results showed that the logging residues of moso bamboo were
mainly composed of cellulose, hemicellulose and lignin. The contents of nitric acid-ethanol cellulose in bamboo
residues were between 342.9-409.3 g-kg™', and the contents of a-cellulose were about 420.0 g-kg™. The insol-
uble lignin contents were about 240.0 ¢-kg™, the phenyl alcohol extract contents were 36.7-54.3 ¢ kg™, the
10.0 g-L™ NaOH extract contents were 256.7-296.7 g-kg™, the ash contents were 8.5-26.5 g-kg™, and the
hemicellulose bamboo logging residues were mainly composed of sugar units such as arabinose, xylose and fur-
fural. The contents of xylose were more than 85.0%. The bamboo fibers of logging residues were mainly dis-
tributed in the range of 400-2 000 pwm and the aspect ratio was 64.70—65.54; The pyrolysis process of bamboo
logging residues is mainly divided into three stages, and the thermal decomposition process mainly occurs in

the second stage. The maximum thermal decomposition temperature of the bamboo logging residue was 339-341
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°C; the bamboo logging residues were treated by the sulfate method. After pulping, the pulp yield was 44.71%,
with good pulping performance, high tensile strength (63.88 N-m™-g™) and burst strength (4.14 kPa-m2-g™),
better than Dendrocalamus sinicus and D. peculiaris, and the logging residues from bamboo could be used as
pulp instead of wood. [Ch, 3 fig. 4 tab. 29 ref. ]

Key words: wood science; Phyllostachys edulis; logging residues; chemical composition; fiber morphology;

thermogravimetric analysis; pulping performance
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Table 1 ~ Chemical constituents of the logging residues in Phyllostachys edulis

P B e 50 5/ (g kg ™)

AL

. oy REEARY) 10.0 g- L™ S A AL st 424 PR AR a-fUER ROHER MIR-CREAAER
ik 26.5 54.3 296.7 243.6 4275 630.2 3429
iy 8.5 36.7 256.7 245.0 434.8 708.8 403.6

(KR 7.3 31.0 2513 239.4 434.4 667.1 417.0
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Table 2 Composition of hemicellulose of the logging residues in Phyllostachys edulis
JERAR o (g kg ™)

AL AR e /%

B 2 (ENR(SE FFUHE % AN AR CEILPTRE R
rid 29.57 2.0 714 8.0 13.0 872.1 30.9 2.6
Prisi 29.38 2.3 78.6 10.2 11.1 864.2 30.9 2.6
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Table 3 Fiber morphology of the logging residues in Phyllostachys edulis
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Figure 1 Distribution of fiber length of the logging residues Figure 2 FT-IR atlas of bamboo in various parts of the logging
in Phyllostachys edulis residues in Phyllostachys edulis
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Figure 3 Thermogravimetric and derivative thermogravimetry curves of the logging residues in Phyllostachys edulis



224 TR AN N N = 1 2019 44 H 20 H

peculiaris (HL A3 45.26% ) Z [ fH 2 RAAME L 2 FATFP e, SEMARKZEARZ (—BEFH AR
B RAAE L 30 LA B, SR BAT R AR AR 0 U L HABAT R AT R, Xt A 4 05 W1 AT
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Table 4  Papermaking property index of the logging residues in Phyllostachys edulis

GBS FIRE/(SR) i/ (grem™)  HUSKAEEU/(N-m™-g")  PRIEE/ (mN-m™- ") i@ £/ (kPa-m=- g™)
EATRALE Y 51 54 64.88 6.96 4.14
E e ™ 47 67 42.70 24.50 3.10
JeAr 48 65 49.65 29.20 3.80
AR 45 60 68.00 11.00 4.50
EATATAE 45 61 75.89 6.51 491
3 4k

T RAGE AT . TR BB S A g R | SRR MR R E, &0 3 o L2
5K 5 BT AL AT AR AL . B AT RAREI R YL A AE R B ORME . BRI S RO R R AL AL, AT
Ko SRR &0 Bui o BOM 25 A8 K, Forp R . R ZU0E . BTz T o 20 B0V A 2t AT A
AR SFAEREMEKTELL, YWEMFSIMSAEL, TR TR . PrEcer 4P 3K B 3 5l o 1 643.66,
1 030.7 F1 948.54 pum, K 554351k 123.12, 64.70 F1 65.55, F R AT RS AT KL £F 4k & %243 45 78 400~
2 000 pm, MATFFFEE 53 AE 1 500~2 500 pm, BT RACE RYATE . ATAE I il B 5 BATAT AT
FARL, PG fR EEAN TR . PO R B R R AR 2 B, BATRACRI AR MATE . PR Y R B i IR
FE43 3R 341 #1339 °C, 5B, BATRMER RV EABIFNAREN . BMREFRY LM
MRERE K G, AKATHR N 44.71%, A BRI BKIERE, A 8 m ny ook o BRI asm B2, b B e 7 A
AT ER R, AT AR M .

4 5% ik

(1] RO, R4k, EFTEK, 2. Pr2Rutii7e 30 15 A BL B i h g B OF e LT ). ML BF 5, 2015, 28(3): 37
- 41.
WU Xiebao, WU Jian, DAN Xinqiu, et al. Application research of bamboo resources on rockification control in China
[J]. World For Res, 2015, 28(3): 37 — 41.

(2] IRAW, BRERL, XV AR B R BT IO A R W R [ ] AR AEARE R AE~# 4i, 2003, 31(5): 71
-171.
XU Youming, HAO Peiying, LIU Qingping. Advances of bamboo properties and their resources exploitation and uti-
lization [J]. J Northeast For Univ, 2003, 31(5): 71 — 77.

[3] SCURLOCK J] M O, DAYTON D C, HAMES B. Bamboo: an overlooked biomass resource? [J]. Biomass Bioenergy,



55 36 45 2 ) BIRIES . BITRACRIRY R Z IR . LU TE 35 S AR fE 225

(8]

[15]

2000, 19(4): 229 - 244.

QIAN Shaoping, WANG Hui, ZAREI E, et al. Effect of hydrothermal pretreatment on the properties of moso bamboo
particles reinforced polyvinyl chloride composites [J]. Compos Part B Eng, 2015, 82: 23 — 29.

KA. TR BTN A AR R R A R AR a2 LT ). b EAOl ., 2004(1): 9 - 11,

ZHANG Qisheng. Characteristics of bamboo resource processing and prospect of its utilization [J]. China For Ind,
2004(1): 9 - 11.

s, TEAEZ, FE, . RETH A AERBUR M ST ] Mol AR T34, 2006, 34(8): 7 - 10.

ZHANG Jian, WANG Kuihong, LI Qin, et al. Status analysis and suggestions for bamboo utilization rate in China [J].
For Mach Woodwork Equip, 2006, 34(8): 7 — 10.

By, MG, that, % REMOLR R FATBOR BT ] b E AGE R, 2017, 24(11): 1 -
5.

DUAN Xinfang, ZHOU Zefeng, XU Jinmei, et al. Utilization situation and suggestion of forestry residues resource in
China [J]. China Wood-Bas Pan, 2017, 24(11): 1 - 5.

T, A, TiEd, &P EAARRRY BT Pl AL R R 4, 2017, 37(2): 29 - 38.
WANG Hongyan, ZUO Xu, WANG Daolong, et al. The estimation of forest residue resources in China [J]. J Cent

South Univ For Technol, 2017, 37(2): 29 — 38.

A, NWEM, X, 5. RS AR R T ] ol T2, 2016, 32(1): 236 — 242.
GU Xirong, DENG Xuemei, LIU Yinni, et al. Review on comprehensive utilization of bamboo residues [J]. Trans Chin

Soc Agric Eng, 2016, 32(1): 236 — 242.

YAN Keliang, LIU Fang, CHEN Qing, et al. Pyrolysis characteristics and kinetics of lignin derived from enzymatic
hydrolysis residue of bamboo pretreated with white-rot fungus [J]. Biotechnol Biofuels, 2016, 9(1): 76. doi: 10.1186/
s13068-016-0489-y.

YANG Zhanping, XU Songwei, MA Xiaolong, et al. Characterization and acetylation behavior of bamboo pulp [J].
Wood Sci Technol, 2008, 42(8): 621 — 632.

KT, RBEIR, B, 5. FRIE R AT AW % BRI B0R SO 50T Aol B4z, 2016, 37(2):
107 - 110.

DENG Changchun, LIN Xiaoging, LI Jianping, et al. The status and some suggestions about the cleaning and utiliza-
tion of logging residues in China [J]. J Sichuan For Sci Technol, 2016, 37(2): 107 - 110.

MORIANA R, VILAPLANA F, EK M. Forest residues as renewable resources for bio-based polymeric materials and
bioenergy: chemical composition, structure and thermal properties [J]. Cellulose, 2015, 22(5): 3409 — 3423.
Feopoo, B, AW, SR N R AR ALATBE A AT T R e e RS R W i W B R RE (T ] MOl B 24, 2009, 45
(4): 107 - 111.

JIANG Xinyuan, HU Xun, LI Xiangzhou, et al. Preparation of bamboo activated carbon by different parts of bamboo
and their adsorption on phenol [J]. Sci Silv Sin, 2009, 45(4): 107 - 111.

R, BTy, LM, . ORFEATR BT BEE A 22 S5 o0 (D). AR AR E BE 4, 2010, 30(4): 338 -
343.

CUI Min, YIN Yafang, JIANG Xiaomei, et al. Variation analysis of physical characteristics in Phyllostachy pubescens
stem at different growth ages [J]. J Fujian Coll For, 2010, 30(4): 338 — 343.

WL, WL, R, SFATHON TR RN IS D] BRI, 2014, 42(1): 7 - 10.

BIE Shixia, CHEN Kuizhong, JIAO Jian, et al. Study on the application of bamboo processing surplus [J]. Hei-
longjiang Pulp Paper, 2014, 42(1): 7 — 10.

AE, AR B RS AT AR (ML et P E R Ol e, 2003.

EBJE. B AR T2 M. 2 B dbat: dhER D A, 2006.

L, BUNE, BRGSO RRITACE B BT LT ] #Ak-# Be a4k, 2005, 22(2): 180 - 184.

SU Wenhui, GU Xiaoping, MA Lingfei, et al. Study on chemical compositions of Bambusa wenchouensis wood [J]. J
Zhejiang For Coll, 2005, 22(2): 180 — 184.

WL, W, W, R R ABE BT A A A S A S R ()] W R AR R A A AR
2011, 28(3): 386 — 390.



226 BT W S NN = 2019 44 7 20 H

SU Wenhui, FAN Shaohui, PENG Ying, et al. Fiber forms and tissue measurements of Bambusa sinospinosa, Bam-
busa blumeana and Dendrocalamus yunnanicus stem [J]. J Zhejiang A&F Univ, 2011, 28(3): 386 — 390.

[21] LATIF S S, NAHAR S, HASAN M. Fabrication and electrical characterization of bamboo fiber-reinforced polypropy-
lene composite [J]. J Reinf Plast Compos, 2015, 34(3): 187 — 195.

[22] ZEA, S, sKEAE. POAE PRATRE A9 AL e o 1 B AR AL LD AN A [0 ). DT e S5Ot o i, 2016, 36
(11): 3557 - 3562.
CHU Jie, MA Li, ZHANG Junhua. The chemical composition of bamboo after heat pretreatment with fourier infrared
spectrum analysis [J]. Spectrosc Spect Anal, 2016, 36(11): 3557 - 3562.

[23] AKERHOLM M, SALMEN L. The oriented structure of lignin and its viscoelastic properties studied by static and
dynamic FT-IR spectroscopy [J]. Holzforschung, 2003, 57(5): 459 — 465.

[24] LUO Qiang, PENG Hong, ZHOU Mengyang, et al. Alkali extration and physicochemical characterization of hemicel-
lulose from young bamboo (Phyllostachy spubescens Mazel) [J]. Bioresources, 2012, 7(4): 5817 — 5828.

[25] MA Xiaojuan, CAO Shilin, LUO Xiaolin, et al. Pulp and fiber characterization of bamboo dissolving pulp [J]. J
Biobased Mater Bioenergy, 2012, 6(3): 323 — 328.

(26] . BT EXTHI M (D], Jbat: dEaitkilk k%, 2010.
CUI Min. Influence of Bamboo Ages on the Pulping Performance of Phyllostachy pubescens [D]. Beijing: Beijing
Forestry University, 2010.

[27] ZEBIE. ML AER A2 (M) dbat. SR T e, 2012

(28] XUmeise, TheAh, BE A, 5. M=EIMNE e e e T8 28 Mk 2= e 5 R v se i AL B aE [T ). WIS R4
A (AR FHARR), 2006, 31(1): 83 - 88.
LIU Xiaobo, HAN Shaozhong, MU Daoyou, et al. Preliminary study on the chemical component and fiber morphology
and pulping properties of Dendrocalamus sinicus from Dehongzhou [J]. J Kunming Univ Sci Technol, 2006, 31(1):
83 - 88.

[29] #iE, e, IhaRE, S P AT E s S R AERE )] ARJEMRL R A2k, 2007, 35(8): 33 -

35.
YANG Qing, PENG Zhenhua, SUN Qixiang, et al. Chemical components and pulping properties of Dendrocalamus
peculiaris [J]. J Northeast For Univ, 2007, 35(8): 33 — 35.



