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XA, XFE, 5K, KA, HTE

TWE: UE#E (Musa acuminata) BER R, KA FBRBIZC-AEA-HO,ZOTLHEF
EREGH, HFRBAEHRAERSDEBRK, HLEEBREFEGITRE., w3 5KIKE
B FWRGR AIERIE RG] . EREAY, ZIZHENEEREF LS HARLF, THL
WA E LK R EF (P<0.05), FEFHKE. TEFKTLS A 2.65~2.99 mm, 20.6~21.4 um,
127.4~145.1, 4 ¢F 4 A2 5 E 5 5%k 88.4% A2 78.0%. #A% T 4u4t H 4k (7K 40 °SR), AR is4m 20%~
30% F= 4. AT E A 37 °SR 69 K AR E A A B4 AT R A e ARG AU TR AR AL BT R A5 2. AT AR AR Fde At AT R 2K
A3 A 3.1%~7.0%. 15.4%~30.3% 27.6%~27.8% F= 1.3~1.6 1, BL4b 4 IRAARGR E 4847 2 F 4241 (P<<0.05),
R IR B A LK. FEBERTEREZ MBI FTRIIFER, HRELRAL T RETGR
BAETIEHIGBE, “KA2” LA S REZ R AEMR T HRIRIEEQR HRALEE, AMARAEL
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Preparation and Reinforcement of Paper Made of Banana Pseudostem Fibers
Blended with Bamboo Pulp Fibers
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(Institute of New Bamboo and Rattan Based Biomaterials, International Center for Bamboo and Rattan; Key Laboratory of

National Forestry and Grassland Administration on Bamboo & Rattan Science and Technology, Beijing 100102, China)

Abstract: Banana (Musa acuminata) pseudostem fibers were used as the raw material which were
prepared through pre-alkali soaking, high-temperature alkaline cooking, and hydrogen peroxide
bleaching. Papers were then prepared by blending banana pseudostem fibers with bamboo pulp fibers.
The effects of the beating degree and banana pseudostem fibers dosage on the mechanical properties and
reinforcement mechanism of paper were investigated. The results demonstrated that the banana
pseudostem fibers exhibited good separation. The fiber morphological parameters of banana pseudostem

fibers and bamboo pulp fibers were significantly changed with increasing of beating degree (P<<0.05).
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Their average length ranged from 2.65 to 2.99 mm, average width from 20.6 to 21.4 pm, and average
length-to-width ratio from 127.4 to 145.1. Notably, the cellulose content and crystallinity of banana
pseudostem fibers were 88.4% and 78.0%, respectively. When banana pseudostem fibers (37 °SR, 20%-~
30%) were mixed with bamboo pulp fibers (40 °SR), the properties of paper were improved compared
with pure bamboo pulp paper. Specifically, the tensile index increased by 3.1%~7.0%, the tear index by
15.4%~30.3%, the burst index by 27.6%~27.8%, and the folding endurance by a factor of 1.3~1.6
(P<<0.05). The wettability and air permeability of paper were reduced. The long fibers from banana
pseudostem provided flexibility and acted as a skeletal support, while the short fibers from bamboo pulp
filled voids and defects to reduce the probability of stress concentration. The “long-short”
complementary multi-scale three-dimensional intertwined structure imparted both stiffness and strength
to the paper. Furthermore, the overall structure formed by the three-dimensional entanglement of
microfibers at the microscopic scale endowed the composite paper with good strength. Banana
pseudostem fibers could serve as one of the biomass blending raw materials for high-performance paper,

effectively improving the physical strength of bamboo pulp paper, thereby providing a scientific basis for

the high-value utilization of agricultural waste resources from banana pseudostems.
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(Fourier transform infrared spectroscopy, FT-IR) .

F# #7258 (scanning electron microscope,

SEM). #E 7 #Hr1X (thermogravimetry, TG). X
HERATIAY (X-ray diffraction analysis, XRD). )
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FEREA X PEBEE#H RS (u-CD.
1.3 W77k

131 FEMEREAHMGIS K ef & s
JEARH) A R 7~8 em I HR, B T80 °C T
BEAEHET EEKER 10% 24 % . 2T ariitse
AT Z, FREL300 g FEEMRZE (4T AR
W, A TG R RR SR & 2t
1120 MANaOH ¥ REIRE N13 g/L), T=
iR 24 h, R R BEG E EE A K
gr. MG TALER 5 B R R E T A K ST, WE
W1 D20, NaOH W ERE N 12 gL, 1E
170 °CF 7574 90 min, M SR GAR IR ER, ¥
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KA H0, K RIE kL BT 4T KRk &
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40 g/m* AT R ARG, ARFKHETIRE 90 °C, B[]
910 mine  PHAAN [F] 4T 2% JE 2047 FE AR BTk 45 £
WRZLFRE. A e BORVIN $T B, B AT R AT Y
BV #5038 B IO 4T 3% O 40 °SR, DL LA 46 4l AT 22 48
() 0 5K 48 N 50.09 Nemeg', #i 245 N
9.18 mN-m’~g™, Al # My 3.81 kParm’=g™', Tif
PrixBCN 510K
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i FR T2 PRI 5 88 40 g/m’ T E A 4K
ik, RABEERTE, WAFEBRZLYETRE
Arg X 2 AR ERE IR .. 1D BE FREM
SRR INE N 30%, HUFT 2K BE 4y il 25 °SR.
31 °SR. 37 °SR. 41 °SR. 46 °SR [ & B 2L 27 4k,
5T E D 40 °SR AT AT 4RI 4 1 50 5 ¥ i 4K
o 2) BUITHE H37 °SR B FEMR LA 4 54T H#
FEH 40 °SR TR A 4E, 28 SR ZEA4EInE N
10%- 20%- 30%-. 40%. 50% [ 5 AN/KFF, 4
B E A ARK
1.4 PERERTI
1.4.1 A Hor ot AR 35 [ ] P A Rl IR [ 5K
SIS = i 7 B AR A 5 4H 4 53 At J7 7% NREL/TP-510-
42618 “Determination of structural carbohydrates
and lignin in biomass”, WEHEMZEEL.. K
LAY 57
142 AR ERB N & ERZEE .
FREMBEAEEGTRAHENS, SRLHE (AR
FEoA 101000 73RBS A, FIH FT-IR Ml
RYERE A E RE TR AL, W E T E N
4 000~400 cm™, FAFEIKECH 32 Ko
143 A4 SRR X0 2R AT SO 2F
YERE T B 45 SR R AT IS, SR Cu B, Ko
2, T Y 50~80°, iR H AT HL U 2 oA
40 kV. 40 mA, FH#HEE N2 /min. KA X
(D THEAHELSRE (CrD ™,

1200 -1
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200

KA Lo WA X (002 dni) A7 g
FEs LONTEERIX (204)°918°) TS IGH0EE
144 AgERFEEoH FIH TGN FEEZE
JRk, BEBEL Y STR AR E tE, W
RAEFN: LL10 °C/min [ TFHE R Z N R THE &2
800 °C, & ifti# Y30 mL/min.

1.4.5 LFAERIARGKTE I AT R F 4 A ARTK A 5
L4, MAHSEM ML RIS, HinE
HJEA10kV, A Nano measurer B A & 2 MR 4T
YeEAT, BOPIME. 59 HULR4EAE o 75 4 8
THEHI A b, B WAL
1.4.6 AR KA AEG AR 1 A F 4T
L) R R A e NPT I 4 4 70 40 B e O B AR

Y, WAAESEURERE 1000 mL, LF4ERE
930 mg/L, 54 57 5 53 A G 5 25 4E R 5
KB, . KELSEFHEBESSH, SA%HNF
a3 k2 SR IAA

1.4.7 AUk PR REI & 1% 0 4R 5K AE 1 IR 1 7R
(23 °C. 50%) HAIEHE 24 h, % GB/T 451.2—
2023 (4URI4RHR 285 EEMIMED) . GB/T
451.3—2002 (4RANLRAREFEIED . GB/T 12914
—2018 (AVFIARAR P ok 5 FE 1 5 8 38 iy A vk
(20 mm/min) ). GB/T 455—2002 {4%F14EHR %
FERIINE Y. GB/T 454—2020 (4% M A (I 5E ) «
GB/T 457—2008 4% A14CHR it 7 B (0 2 )« GB/
T 458—2008 (ACFHAHRE S EERTMIE Y, J3 0l Wk
FHRLFER o BEASFE S0 B PR FR AR I S . SR
FHH A A /22 1 7 200 8GN € 4R5K 2R T Re
AR R R Ak, B 1.5 wL K Eefhalsk ,
O AG K EEfb A

1.4.8 AUk 4e o b FIH & HE X4
FEHEH ARG MR 48K b R 4 HES . R AURE .
MRAZE AR HRE P93 pm, D L e AT
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G, HEMZEFERRA4EREEK. TN, FESH
RIZEE T, NaOH BRI EY BB 5 21 41 4
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1 BEBREAESHRALER FT-IREEF XRD EE
Fig.1 FT-IR and XRD spectra of banana pseudostem fibers and bamboo pulp fibers
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fiftit 09 203.8 °C, fm T A AR R (1584 °C).
IR KT 400 °CH, A BB ZE EORH & 2
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Fig.2 TG (a) and DTG (b) curves of banana pseudostem fibers and bamboo pulp fibers

2.2 YA T
K SEM 70 & SR 2R k). A R 2R 4 4
AT AR RS HIE 3a~3d vl &1, FHHEM
R R TAEXT RS, A A, AR RO
B (D, F4ERHmHE] R,
FEBZEAHELSWE 3e~3hFin, HERMF
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=

i ra~d TR, o~h F R LT Y, i~ 1T 32T 4

FERES, DL AR KA, DURARZT 4R A7
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Kbk, R RBRARIB, 4T N HAEL
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Fig.3 The samples and SEM images of banana pseudostem fibers and bamboo pulp fibers
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4 BEREA%(QRMTRALEDBLFEHE
Fig.4 Optical microscopy images of banana pseudostem
fibers(a) and bamboo pulp fibers(b)

®1 TREHITRENBTEBREAENMIRAERSSY
Tab.1 Morphological parameters of banana pseudo-stem

fibers and bamboo pulp fibers with different beating degree

v TTREE YY) AF4ry Hg5te /N4
i " osr Kot % EBE%

KE/mm 555 /um

25 2.99+0.10  20.6+0.4 145.1£3.2 64.8+1.1 3.6%0.1
31 2.88+0.08 20.8+0.5 138.5+2.8 65.1+1.4 4.7x0.1

S
E% 37 2.76£0.10  21.4+0.7 129.0+£3.5 63.5+1.1 5.7+0.2
i 41 2.70£0.09 21.0£1.0 128.6+4.1 63.0£1.2 8.0+0.2
46 2.65£0.11  20.840.6 127.4+2.4 61.9+1.5 9.4+0.3
14 1.58+0.07 15.6+0.6 101.3+3.5 67.6+1.3 3.9+0.1
30 1.53£0.06  17.2+0.8  89.0+2.3 56.1+1.0 4.2+0.1
gzz 40 1.47£0.07 17.4+0.5 84.5+3.0 56.9+1.5 5.3+0.2

50 1.40+£0.06  17.6+0.6  79.5+2.7 56.8+1.2 5.4+0.2

60 1.31£0.06  18.0£0.7  72.8+2.1 58.7£1.0 6.3+0.2

TR A 4] K EAE 25~46 °SR YL A K,
PHKEY KT 1.6 mm, J&T KLY, MEFTRK
FEFtE, HAPH KM 2.99 mm % 2.65 mm,
W LB 2N 11.4%, T B BB 20T
R ZHAER, F4REMmDIN. R, 3
MAGEKEERAC. MR TAT RN (25°SR), i
HIT I ERN, B B 2 A o DR W K ) A1 i) i 5%
SZHUAER, 47398 . [Fry, FEMK

R YLK BE LL BE AR AT R R B IR AL, N
145.1 FPE2 1274, HFEICHHI L8 12.2%, 1T
YK T 101.3 FFIRE 72.8. F4EMK L
B AIG 32 2 5 2 4 K B ol /)N AR 4 44 5 0 0 A O
SR, FEAITRIAT R EE AN, MR YEm
KGE L m TR F 4. K AP 47 i 4 f
AT LA BRBE 2R [ (AT SN 4%, 4R 4 5 B %
TESRFHARTR SR E T B AR BEEIT R R
Ft, HEMBEZFENASEHEN648% FHFE
61.9%, FUAFEMELL YT RITFE T ZBIHN
PR, JRUAS 41 45 502 il fr) 2 2 o b B s DI s 4
INEFYES B N 3.6% YE N4 9.4%, HH/NAF4E LR T
MUK, 5K, & il hnmr £ & 45 4E A 1)
LS.

FIIERI TR AT T S e 5 AR
EAYEARAL, ROBEAG TR RN, 1R A 4w
SPEKE . KRR N, PR S AT G,
VT S8 £F 4 107 2K B RN 98 B I S AR A R (R 2R 4
Yt PTHR A AERI A e Bk kb 538 I, REAAT
WA Y2 BINAE L JG 5 R A A4l 4
INCT LSRR TR, AR TR YRR 4S5 T,
YRRy 22T AL R AT

RGN, FT R BEN A AR 2R A AT K A
e IR PSR, Kotk HI45 4RO
YN Y 5 BB HE B (P<0.05), H
B E A BT R T % B AR
Ky KEESEMRA . @SR EERZELS
YERNAT IR A e FT I SR BC LG, ] SR 4 4
PEREIIAR IS ELAN, & 1 BRI S O AREK
23 FHEBRZEAYEST R NS X &2 A 40k
REAI 52

B A 2R L7 2 T 0 P 5 B A 4Rk WL 5 FE (1)
o, Wik Sa. SbTR. K Salion, FEMZEL
YL I & 30% ST R4 (T % 40 °SR) i
0, WA & EREAENITRER K, S640K1
Prsk e ECE DR, WRIEAUE A RERIK, &
AR ZELT YT 37 2 N 31 °SR F1 37 °SR I & A 4Kk
IR e B T B o A ST IR IR 2 2 2
ddenemth, FHEKETHEANE, BKNE
BERE AT Y ST I A o 2 T 45 5 Jidth . AR
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B ZELF eI FT IR S IR TH 55 46 ° SR, H A 45K K
T 2L HE B PRI, I A 2T 4 1 ) T Ak o 9
SHAL, FEMZEFENTPHKETR, 44
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Fig.5 Effect of beating degree and content of banana pseudostem fibers on mechanical strength of paper
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Fig.7 SEM images of various bamboo-based paper samples
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Fig.8 p-CT images of various bamboo-based papers and schematic diagram of fibers interweaving
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Tab.2 Comparisons of mechanical strength of bamboo-based paper in this study and reported composite paper
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