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Effects of chemical composition and thermal properties of
waste bamboo fibers made of various bamboo species on

characteristic properties of a thermoplastic composite

Chin-Hao Yeh !, Teng-Chun Yang +*

! Department of Forestry, National Chung Hsing University. 145, Xingda Rd., South
Dist., Taichung 402, Taiwan.
* Corresponding Author, tcyang.04@nchu.edu.tw.

Abstract

The effective utilization of forestry waste residues has been a notable issue due to the
depletion of fossil fuels and the growth of environmental awareness. In composite science,
polymer composites composed of natural fibers are of significant interest and have been
identified as emerging trends. The addition of natural fibers leads the composite to being
an eco-friendly material and reduces the cost of the final composite products. Among
several natural fibers, bamboo fiber (BF) reinforcement has significant potential for
improving the properties of polymer composites due to its excellent properties. In this
study, the effects of the chemical composition and thermal decomposition behavior of
different BFs on the physical and mechanical properties of bamboo—polypropylene
composites (BPCs) were investigated. The various BFs were produced from Makino
bamboo (Phyllostachys makinoi), Moso bamboo (Phyllostachys pubescens), Ma bamboo
(Dendrocalamus latiflorus), and Thorny bamboo (Bambusa stenostachya), which are
common economical and popular bamboo species in Taiwan. Additionally, the thermal
stability and kinetic mechanism of the BF using thermogravimetric analysis by the
isoconversional method were determined. In conclusion, the BPC with Thorny BFs
exhibited the highest hygroscopicity due to this BF having high hemicellulose content,
while Makino BFs had high crystallinity and high lignin content, which gave the resulting
BPC better mechanical properties.
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R E R AL T & g (Waterborne polyurethane ; WPU) 5 3 257 2 % ~fs 22 B § fhfy
Flem B2 @t f m o WP rqt it 2 2 Uk F o A%~ PU #» +4aks
W RENHF AT Y CREBAZHIPULG £F -3 2B MAL R
B TR VAR R s R E RS o XA WPU 2 S AR
HMEZER IR EFLRADE G2 B2 AFFEERUEP Z BETF
RERSFEIFR -BAF AT R2 S0 FLFHREFF R0 5 2R
He fpdm 2 FIT EEFLS P E A BILRY o Wk (Castor oil) &_d
WA+ BYem (72 44709 > 2 F1 7 R4 39 (Ricin)2 R frék (Ricinine) ¥+ 4 4 &
FPo52Ea Mo A2 AW Y ) 90% % B fi(Ricinoleic acid)
gl G A (-OH) PERIFL A FAS AR * » Bpd 2 B 1 ¥2
B o W 7 s WPU & = Rl R A2F ~ 238 AP e 24 @Az
MAEREZWE A AT WPU #f% » # & i 42 % Poly(tetramethylene
ether)glycol(PTMG)/ & fri# ™4 OH/OH 3 2 v+ 100/0 ~ 75/25 ~ 50/50 ~ 25/75 % 0/100
BERES F AL B R WA - R F Fifg(Isophorone diisocyanate ; IPDI)*
T o e p3RECIH] P fod 2 gha KA WA KR AT WPU A Hie i
Bk 2 E2 P FTRIGE o A & A B AF WPU > H i # R R B F
KR i 4o B # 4 o IRCHCE B 0 B4 B4 UKW £ 300 @ PTMG/
B 22 OH 3 2t 50/50 22 WPU 3-8 § St S e b2 af-kfd o 2577 0k
Bk $ A8 22 W& KR A WPU & scd @A gl fels | o

11


mailto:chenyc@nchu.edu.tw

CEEA-HALE LA EE (BT )

S LA AALIBHAHE RS
R R RENT R AR
'R EECE LT RTRE L2600 &7 LR T L E L 300 5

P HERKZA A ALY o BT AR 2L Y 4 198 5L o

TR i’F—fg » myhuang@mail.ncyu.edu.tw °

&

cEAH A IR T o R Y A R A SRS TIS% e RA 0 SHR
AVMPABED NRER CRAH T X F LR AP H W WL RRRS
%ﬁ%siﬁ“fi’i%ﬁ&fﬁ‘q‘:iosfr& kP FL2 5 Fel A Ay Bk LY WA H
AR FEEG AL 2 PR S RRA M BT Frw fRE 5 R AL o T
ipmﬂmﬁ%ﬁﬁw@mwgilﬁﬁﬁaiﬁﬁmﬁ$mﬂ,uaﬂ@éﬁ
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KRR T Bify (Waterborne polyurethane ; WPU ) 5 B § fefin e 4 ~f8 F &)
N2 BAFRES SN INFAL R b IRFUL LS R TE LA RTE] 0 Bk 1l SR R A R
Bk f&ﬁﬂ (Polyurethane ; PU)¥ * 43 14 % 1% 4 ( Volatile organic compounds ;
VOCs) 2 & 4 ’#’t—l R X2 LB 2EEBRBEALN BEH L ELFTA
$ o WPU f # 4 Q@M~¢+~ LM ALAEE T REFEH A LR
BAEA2ZHE - AFTUEFILTAZE2RBE AL HEWPU - £ 2 B ROE B
(Castor oil ) 51 %4 * 2254 % j > 85:95% e & 5 7 se k2 ¥t (Ricinoleic
acid)» ¥ it % AfE 5 » ¥ A= B § By % %4 Tolonate™ X FLO 100 ( XFLO)
£ 3 % 32%2 2 = A gk (Bio-based carbon ) 5 i A2 A WA R § phfn 0 1 100%
& 50% XFLO P~# £ A B §F pepa= " A% - £ § pifg (Isophorone
diisocyanate ; IPDI) £2 % ~fgie {7k R A+ BI=A T fify BHoONAFRERAE
WAk #B WPU 2 # ;*gk“ﬂ oM A2 F RPEFFRE S AR BT R PN
Feit A~ @ fedfek 0 X TNCO/OH F i A5 Bt 5 141640 1.8 MIER & 2
7 WPU 2- @l % - u% WPU 4 #7.% *EL vl EA AR 2R ~pH EE ’Fﬁ b
#. 3 F NCO/OH %+ WPU & sl f 2 2 B2 58 #;:”m 2 EARFEABEE WPU
2B IEE o BRAET @ 100% IPDI .z WPU & 52 A 3612 - 5 NCO/OH
#4v > WPU A~ 40iR 4R R1 % #5 @ * 100% XFLO ’@Mz WPU A fgik & 3@
25 AL A SR LT 0 S NCO/OH 44 » WPU A4tz bR 2 5 0 %7
IPDI/XFLO (50/50) % ik 2 #l# 5% o v g IPDIUXFLO (50/50) B § el &

» 2k _NCO/OH % 1.8 "F}f B3 REZPBRBR c  AFTARTRES %‘r
z&eﬁl 3 frxfiaf? REZWUE WPU £+ -
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IR T & —iEA R (Betulinic acid)E % 4 3 o L > £ 3 B4 bk
CYERN A A 0 S I Rl S I S wfw% X R

d 3 A1 EAFEL PRI e X KT o 9 F R (Melaleuca leucadendra) %

;ﬁéimﬁ%ﬁ’*&Jﬁﬁ’M%xmw’“%%ﬁ%%#ﬁiﬁw@oﬂw
R WEH S Sy FRESFRGFEGIEAR FRELES YR
Z Bmge Vit 2 A{EAKROER TR - 38 g LS E AR (Inflammatory
bowel disease » IBD)iZ i< FIE 4R > (2 P a0 jofk * Zenatsad 7 J932 88 > 'ﬂt“ H=E
[ FoR2 $REHLEL DY A ﬂ*%%mﬁuw“sﬂa%ﬁ PRE
Mo F]pt 35 % 3 B FRwt qy (Barrier function) 5 | ¥7k &8 F & 5 i IBD /EH gl
<34 AR F A * Caco-2 4 %\FLLW%B;F}%‘W’“EL*’}#_W’JE% F A BB o riegd
P ek AR S RHERCY R R E 0 B HEd RIR st 4 2 (Transepithelial
electrical resistance, TEER) & % BL% B e G5 o 45 5% &g o1 > Caco-2 ¥ £ 'k
MFEAFLE FIEAIL 0 i F R EFEA Az Teer T % > £ H AER 40 uM
P > Teer Bk die b 2 26.58% » M HEA BL i H 58 i 0 A e B A 0 3%
B F R SR < b B REA R Bl AT 5 0 gt A
7 ?f} % i 3 v (Tight junction protein)éh# 3 > 3% ¥ 2 51 ZO-1 ~ Occludin % & §
PAET A fEAKR € et ZO-1~Occludin 2 3E > % 3 ZO-1 £ Occludin
Lol AP F B REAMREL G eI B LB T PR R
FI L4 3 REGEAR T A7 S ATHRTERRRG G OEAE AT
ETRRT G ET ] TR
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Barks and cambial variations of the genus Clematis

(Ranunculaceae) in Taiwan

Po-Hao Chen !, Chih-Chiang Wang 2, Sheng-Zehn Yang >*

! Graduate Institute of Bioresources, National Pingtung University of Science and
Technology, No. 1, Shuefu Rd., Neipu, Pingtung 91201, Taiwan.

! Department of Forestry, National Pingtung University of Science and Technology, No.
1, Shuefu Rd., Neipu, Pingtung 91201, Taiwan.

* Corresponding Author, yangsz@mail.npust.edu.tw.

Abstract

Studies on the anatomical characteristics of stem cross-section of Taiwan Clematis genus
(Ranunculaceae) are scarce. The aims of this study were to investigate the cambial
variances of stems in twenty two Clematis species for comparison. The results showed
that the stem barks develop cogwheel-like and continuous segment of rhytidomes
except the species Clematis tashiroi. The eccentric to elliptical or polygonous-lobed stems,
wedge-like of phloems and rays, the indentations of the axial parenchyma, and ray
dilatations are key features of cambial variants in this genus. The cortical sclerenchyma
fibers embedded in the phloem rays are present obviously in some Clematis species. The
vessels restriction type only appears in C. psilandra and C. tsugetorum. The proportion
of Clematis species with twelve vascular bundles is approximately 55% of all Clematis
species in Taiwan. The vessels dispersed throughout the stem are almost semi-ring-porous,
few are ring-porous and without diffuse-porous. Secondary xylem rays split the secondary
xylem into few parts at the older stage. Each species are assessed into one to four
developmental stages that the initial periderm ring-like is produced in the primary phloem
at the second stage. The descriptions and morphologies of the cambial variants presented
herein will provide more evidence for further morphological studies on the cambial

variances of Clematis genus in Ranunculaceae family.
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Ak Rae L B4 K EREH
T4l EagEl. 223
PRz B E A LTI A 402 S¢ B FREL 250 B
PP AT R P ATINEE LS8R o 11529 £ e B RS RS K
4
128 % o
SRz Y BB ARRE ko DR 0 402 S ¢ B R KRS 250 B
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&

A 12 ( Cunninghamia lanceolata var. konishii ) ~ &%~ 1, > % a4+ (Cupressaceae )

1; A& (Cunninghamiai) &7 5 %455 A > B AL § 2 EF e F 5 4750

oI AT £ ER2Z - o (Essential oils) 3 a4 ¢ £ 5 3L fend 7 >

PR ARE A EN BF R AR FARAS AL FRALEY TR LT
o AP T RAUHINNU B EBEFEF 2 OREEZE OREF 2HZ UG HED  BE N
g B FOB iR 30§ AR & 47 3# &k ( Gas chromatography-mass spectrometry,
GC-MS) A 172 v #FFHREfriR B mgis > g 2 1L+~ 5 cedrol
(71.56% ) ~ a-cedrene (7.59% ) fv B-cedrene (2.24% ) d = }I?e #H 7z 3 cedrol &7
S L R Hd L2 Eloa dFEy 22 84 1E T A48 7 o A0
e Sodfd ¢ cedrol FEEBFF o F AT R- HFEHA UMD LT LG AE
L EA LR REL A L E R Rb S Y 4538 C5TBL/6
+Q’%g%j@2nmﬁ&ﬁﬁé%ﬂ%iuﬁméﬁ%é’E%@#4m@ﬁ
& 10%4 $odF i chp WAt H (Cream) #5521 % > &% 14 % PragiB s % H i
SRR EEER  BEHAEE DS D AT S FTHER S
4.13£0.75 mm > gz 4] 913284061 mm £ ® B § AEM o g BT Ao 4
P & RGeS 2 Rt Ft i dEd B R R e R 2
EUEBEL B RO NI ARBEFAUHI IR L IRIEE S -
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A B2 A A FRA DR E A BRI A K I AT%E 4.6% ; a-
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ORGP AL AP Z AP E I E 2 R R RLIFN T HF R S0 Moty
AE o B OTIRAIITERRE o AF Z (Lignin) 2 B RA e BRI £ A2 - 0 5
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fe AR B 5 202 08T @ H PU A J FrRARIHZ AT R FHAREF
Fefia SHfrA TR DI PUS e B F2 R F - SRR A TR gie M
Hrsgiemlz & adpfickPF oy BFpe s e * HDT F & BPF R e
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R M A M o o S
RS ERFRSEeNET 7'%3’“ FET G A RERGE A FAF M S

£ o
3

20


mailto:chenyc@nchu.edu.tw

CHEA AL S AE B (KA AR)

RB AR R UVIRY %ﬁ.ﬁ“ﬁ'ﬂfﬁl

Sl 1,*
FEere s 3k pdy

‘:\t}

DRz Y B8 RS 0402 S0 B o5 F B R 145 8 o
TR lf—fﬁ » lukt@nchu.edu.tw o

e

K> (Urushiol) 5 - & & '=4dz ¥ - faligtpz 4 Hopjl b plaagats it
Boh- AARTEANF LI E P oK ek kg (v A% (Ultraviolet curing coating,
UVSHE) ERES 3 FMFTR - FHGERT G2 @ar 0T g g5 g i
B P AR E & 2 -k PU A~ 470% (Waterborne polyurethane dispersions ) 41 #* 4 fis
pl4aw sed 7 E L-FP f 46 F & (Diels-Alderreaction) @ & i+ » 7 {F 4% 4] %
#L ( Thermo curing coating, Thermo % #L ) » & 477 F e #8 B 2 38 B 54
T2 eodm kiR ? A W4 » L5188 > A fe k2 UV %4 (Waterborne
UV cured coating, WUV % #L )s 3534 7 e & 518 #% 7 e B ¥ WUV 3§ 52 2 58
Bofe BB FH MiER2ZBEAZ UV A A4 A UVERSSAFEA
it A% 4% (Dual curing coating, Dual % 41 ) * 4F3+H Fuo 5 » 2478 iv5 1 £ %
Flz_ ¥ (7 o 2% % % &7 Thermo % "7 160°C %78 30min > & & i3 4§ "/ & %
FEFETFE o4 1 wt%E318H2 WUV 257 FE AR ~ EFLE afx
BESr pacL BAUV AR GERT E2 80 P2 28on BT R
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