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Abstact: Ramie reinforced poly(lactic acid)(PLA) composites have been receiving a lot of research attention due to their excellent biodegradability. However, poor flammability of the composites limits their application in a few areas such as automobile and aircraft interior. In the present study, 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOPO) as flame retardant was incorporated into the ramie fibre reinforced composites to render the environment friendly character of the biocomposites in flame-retarded composition. Flame retardancy of the composites was greatly improved according to the UL94 vertical test and limiting oxygen index (LOI) measurements. The composites could achieve a UL94 V-0 rating and LOI value increases from 21.6 for ramie/PLA to 27.5 for the flame-retarded ramie/PLA. Enhanced char yield at higher temperatures was observed according to the thermogravimetric analysis (TGA) results. The influence of DOPO on the mechanical properties of the composites was also studied. DOPO can influence the mechanical properties of the composites. Observation can be made directly from scanning electron microscope (SEM) image that the compatibility between PLA and ramie fibre is disturbed by DOPO introduced into the composites. Not a lot of research has been done on the flame retardancy of natural fibre reinforced PLA composites. Therefore, this study offers benefits for future research on composites flame retarding.
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1.            INTRODUCTION

Biodegradable materials have received a lot of research attention due to the increasing pressure on the world’s resources and concerns about the disposal of materials. In the past decade, poly(lactic acid) (PLA) with high strength and modulus has been identified as a perfect eco-material for many studies for its potential in renewable engineering materials. PLA exhibits good aesthetics and easy processability in a lot of equipment. In manufacturing and processing, the price and inherent brittleness are the most limitation for its wide practical applications.1,2 Natural fibres are obtained from the leaves or the stems of plants. As a naturally growing material, they sell at low price, possess low density and high specific strength and modulus, poses no health risks, are easily available in some countries, and environmental friendly.3 By adding fibres including sisal, wood, bamboo, ramie and recycled newspaper, etc., or other filler material including nano-calcium carbonate, nano-titanium dioxide and multi-walled carbon nanotube, etc., the mechanical properties, biodegradability and thermal stability of the PLA based composites can be significantly improved and the price of PLA products can be lowered.4,5 However, similar to other polyester resins, PLA and natural fibre have a very poor resistance to fire due to their molecular structure and intrinsic chemical composition, hence the modification of flame retardancy is indispensable.

Throughout the past decade, a number of methods have been performed to synthesise flame-retardant biocomposites. These include using halogen-free flame-retardants to obtain biocomposites with non-toxic and smoke-suppression properties, surface treatment, and flame-retardant compatibilisation and miniaturisation. Nanotechnology has also been used to produce biocomposites with good mechanical properties. Additionally, flame-retardant synergism is used to improve the flame-retardant efficiency of biocomposites.

Low cost and high efficiency are the development directions for flame-retardant biocomposites.6,7 A lot of halogen-free flame retardants that contain phosphorus/nitrogen have been thoroughly researched and reviewed for their low toxicity and high efficiency. At high temperature, most organophosphorus flame retardants form phosphoric acid and prevent the substrate burning via a condensed phase mechanism. In our previous work, APP was added into ramie/PLA biocomposites, and the flammability of the composites was improved. However, the blossoming of transference phenomenon of APP can be found which could influence the flammability of the composites.8, 9

9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOPO) is a type of cyclic phosphate exhibiting a diphenyl structure (Figure 1). It possesses high thermal stability, and good oxidation and resistance. DOPO exhibits excellent flame-retarding properties. Thereby DOPO can either act only in the gas phase by flame inhibition, or in the gas phase and in the condensed phase (by char formation) at the same time.10,11
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Figure 1:      Structure of DOPO.




In the present study, DOPO was used to induce flame retardancy to ramie/PLA biocomposites. The flammability of the composites was thoroughly investigated via UL94, limiting oxygen index (LOI) and thermogravimetric analysis (TGA) measurement. The compatibility among PLA, ramie fibres and DOPO was observed with scanning electron microscope (SEM). Additionally, the influence of DOPO and formulation process on the mechanical properties were investigated. The experimental results obtained may contribute to the design of biocomposites with flame retardancy for various engineering applications.

2.            EXPERIMENTAL

2.1          Materials

PLA (NatureWorks® 4032D, having Tg of 52–58°C, Tm of 150°C and Mw of 140,000) was purchased from NatureWorks Co. Ltd. Ramie yarn was supplied by Shanghai Qian-Cong Ramie Products Co. Ltd. (China). DOPO was obtained from Jiangyin Hanfeng Science & Technology Co. Ltd (China).

2.2          Preparation of Flame Retardant Ramie/PLA Composites

Ramie yarn, PLA resin and DOPO were dried at 50°C in a vacuum for 10 h, respectively. Then the dried PLA and DOPO were well mixed. Next, the PLA, DOPO and ramie yarn were blended in a co-rotating twin-screw extruder (F = 20 mm, L/D = 40; Jieya Nanjing, China) at operating temperature between 155°C and 175°C. The extrudate was later quenched in a water bath, cut into pellets and dried in a vacuum oven at 50°C for 8 h. The composite compositions are tabulated in Table 1. The biocomposites obtained were then molded into sheets by hot pressing at 170°C and 20 MPa for 4 min. This was followed by cooling to room temperature at 5 MPa. The sheets were made ready for structure characterisation and property measurements.


Table 1:      Compositions of the composites.



	Sample

	Ramie
/wt%

	PLA
/wt%

	DOPO
/wt%




	F0

	15

	85

	0




	F1

	15

	80

	5




	F2

	15

	77

	8




	F3

	15

	75

	10




	F4

	15

	72

	13




	F5

	15

	70

	15






2.3          Characterisation

LOI values were measured with an LOI instrument (HC-3 Analytical Instrument Factory, China) according to Chinese Standard GB 2406-82 with test specimen bars (100 × 6.5 × 3 mm3). All of the specimens (125 × 13 × 3 mm3) were tested by vertical burn test instrument WC 5400 (Kunshan Wancheng Analytical Instrument Co., China) according to ASTM D 3801 UL-94 standard. TGA was performed on a STA 449 C thermogravimetric analyser (NETZSCH, Germany) at a heating rate of 20°C min–1. Samples were tested under flowing air (80 ml min–1) over a temperature range from ambient to 600°C. Observation and analysis were done on the morphologies of the impact fractured surfaces of the composites using SEM (Quanta 200 FEG, FEI Company). This was done at room temperature. The samples were coated with gold using a vacuum sputter coater, and were viewed perpendicular to the fractured surface.

The composite specimens were tested for tensile strength according to GB 13022-91 standard using a CMT5105 Materials Testing Machine (Shenzhen Sansi Material Instruments Ltd., China). The composites were then tested for flexural strength under three point bending in a DXLL-5000 machine (Shanghai Jiedeng Instruments Ltd., China) in accordance with GB 1449-83.

3.            RESULTS AND DISCUSSION

3.1          Combustion Performance

The flammability properties of ramie/PLA composites with different DOPO content were evaluated by UL-94 test and LOI measurement. The UL-94 results were shown in Table 2. Ramie/PLA composite without DOPO is highly combustible and it was not classified in the UL-94 test. The flame retardancy of ramie/PLA composite is clearly improved with loading of DOPO, and the self-extinguishing can be detected. Only 5 wt% DOPO was added to the composite, the UL-94 test results of the composites can achieve V-0 and serious melt dripping appeared during burning.

Although flame retardancy of the composite was not improved with the increasing content of DOPO, melt dripping was lightened. This can be observed from Figure 2. The effects of different content of DOPO on the LOI value of the composites are presented in Figure 3. When 5 wt% DOPO was added to ramie/PLA composite, the LOI values are levelled up from 21.6% to 32.5%. The LOI values of the composites showed a slight increase with increasing DOPO content. It is suggested that DOPO can improve flame retardancy of the composites sharply.


Table 2:      Flame retardancy of the composites.



	Specimens

	t1(s)

	t2(s)

	UL-94

	Dripping




	F0

	> 30

	–

	NR

	Yes




	F1

	0.4

	0.6

	V-0

	Yes




	F2

	0.3

	0.4

	V-0

	Yes




	F3

	0.4

	0.5

	V-0

	Yes




	F4

	0.4

	0.3

	V-0

	Yes




	F5

	0.4

	0.4

	V-0

	Yes
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Figure 2:      Specimens after UL94 Test.
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Figure 3:      LOI value of the composites.




3.2          Thermal Stability

The thermal stability of the ramie/PLA composite without and with DOPO was investigated by TGA, and the results are presented in Figure 4. Thermal degradation of ramie/PLA without DOPO showed completely in a single stage and occurred at 335.1°C. The Tonset of F2 is similar to that of F0. It shows that the improvement of thermal stability of the composites can be negligible with the addition of DOPO. When the temperature increased above 400°C, the matrix and the flame retardant began to fully develop a bonded char structure. During formation of the char, the heat and the burning amount of the volatile products were drastically reduced, and thermally stable char in high temperature contributed to the thermal and flame protection to matrix. Moreover, it can be observed that the residue left at 600°C increased significantly with the addition of DOPO. The results can explain the improvement of flame retardancy of the composites.
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Figure 4:      TGA curve of the composites.



3.3          Mechanical Properties

The composites with different content of DOPO were further evaluated by tensile and flexural testing. Data related to the tensile properties are shown in Figure 5. It can be seen that the tensile strength and tensile modulus of ramie/PLA composite without DOPO were 32.09 MPa and 1.61 GPa respectively. The tensile strength and tensile modulus have slightly increased with the addition of DOPO. For example, after adding 8 wt% DOPO, the tensile strength and tensile modulus reached 38.76 MPa and 2.25 GPa respectively. It shows that DOPO acts as reinforcing filler in the composites in some way.
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Figure 5:      Tensile properties of the composites.



Moreover, the tensile strength of the composites decreased when the adding content of DOPO increased to over 8%. Figure 6 shows the flexural properties of the composites with different content of DOPO. The flexural strength and flexural modulus of the composites sharply decreased with the addition of DOPO. When adding 8% DOPO to the composites, the flexural strength and flexural modulus decreased from 95.23 MPa to 36.36 MPa and 5.35 GPa to 4.31 GPa respectively. This may be due to the fact that high loading of DOPO influenced the bonding of PLA and ramie fibres.

The compatibility between fibres and PLA is poor. The mechanical properties of fibre-reinforced composites are greatly influenced by the interfacial bond strength. The compatibility between the polymer matrix and the ramie fibres was made worse by hindering interaction at the polymer/fillers interface. The results indicate that the addition of DOPO to the ramie fibres reinforced PLA composites decreases the composite mechanical properties.
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Figure 6:      Flexural properties of the composites.



3.4          Morphology Analysis

SEM micrographs of the impact fracture surfaces of the samples are represented in Figure 7. As shown in the figure (illustration A), the ramie fibres dispersed in the form of a separated fibre. The DOPO is well dispersed in the PLA/ramie composites (B). No large agglomerates of the DOPO and good adhesion between the matrix and DOPO have been observed. This should play an important role towards improving flame retardancy. DOPO adsorbed on the surface of ramie fibres or blended in PLA matrix influenced the interfacing between ramie fibres. It can be seen from Figure 7 that there are obvious voids between the fibres and PLA. This observation indicates that there is weak interfacial adhesion between PLA and nature fibres.
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Figure 7:      SEM micrographs of the composites (A = F0, B = F2).



4.            CONCLUSION

The flammability and mechanical properties of ramie/PLA composites were explored using DOPO. The composite can achieve UL 94 V-0 rating with the addition of DOPO. According to the TGA results, DOPO can effectively increase char residue at high temperature, which results in the improvement of flame retardancy. From SEM image, it can be directly observed that DOPO introduced into the composites disturbs the compatibility between PLA and ramie fibres. DOPO can influence the mechanical properties of the composites.

5.            ACKNOWLEDGEMENT

The authors would like to thank the support of the National Basic Research Program of China (973 Program, No. 2010CB631105) and Natural Science Foundation of China (No. 51103108 and No. 11172212).

6.            REFERENCES

1.       Rafael, A., Bruce, H. & Susan, S. (2004). An overview of polylactides as packaging materials. Macromol. Biosci., 4, 835–864.

2.       Yu, T., Ren, J. S. & Yang, M. (2010). Preparation and characterization of biodegradable poly(lactic acid)-block-poly(ε-caprolactone) multiblock copolymer. Polym. Adv. Technol., 21, 183–188.

3.       Oksman, K., Skrifvars, M. & Selin, J. F. (2003). Natural fibres as reinforcement in polylactic acid (PLA) composites. Compos. Sci. Tech., 63, 1317–1324.


4.       Yu, T., Li, Y. & Ren, J. (2009). Preparation and properties of short natural fiber reinforced poly(lactic acid) composites. Trans. Nonferrous Met. Soc. China, 3, S651–S655.

5.       Yu, T. et al. (2010). Effect of fiber surface-treatments on the properties of poly(lactic acid)/ramie composites. Composites Part A, 41, 499–505.

6.       Chapple, S. & Anandjiwala, R. (2010). Flammability of natural fiber-reinforced composites and strategies for fire retardancy: A review. J. Thermoplas. Compos. Mater., 23, 871–893.

7.       Chen, L. & Wang, Y. (2010). A review on flame retardant technology in China. Part I: Development of flame retardants. Polym. Adv. Technol., 21, 1–26.

8.       Li, S. et al. (2010). Influence of ammonium polyphosphate on the flame retardancy and mechanical properties of ramie fiber-reinforced poly(lactic acid) biocomposites. Polym. Int., 59, 242–248.

9.       Chen, D., Li, J. & Ren, J. (2011). Combustion properties and transference behavior of ultrafine microencapsulated ammonium polyphosphate in ramie fabric-reinforced poly(L-lactic acid) biocomposites. Polym. Int., 60, 599–606.

10.     Zhang, W., Li, X. & Yang, R. (2011). Novel flame retardancy effects of DOPO-POSS on epoxy resins. Polym. Degrad. Stab., 96, 2167–2173.

11.     Wang, X. et al. (2012). Preparation, flame retardancy, and thermal degradation of epoxy thermosets modified with phosphorous/nitrogen-containing glycidyl derivative. Polym. Adv. Technol., 23, 190–197.



OEBPS/images/Art_P40.jpg
== = k,[E][a] - k_,[EA] — k,[EA] = 0 [©





OEBPS/images/Art_P75.jpg
[©)





OEBPS/images/Art_P67.jpg
Concentration (molm)

08

o8

07

05

s

0a

03

02

01

Tooo

2000

3000
e

w00

—-po-10
- po-20
- po=30
o po=t0

5000 000





OEBPS/images/Art_P24.jpg





OEBPS/images/Art_P91.jpg
Lipe | o oo
% +V. (@ L) = 2,0, LB+ w,6) — 3k, p L, o





OEBPS/images/Art_P32.jpg
Sper g e g )

St e g bt FE A

100 s o e vithout P 1A

20 g s it P A

Sk e g e A FE A

=0 s b PR IA

O et g o i P UA






OEBPS/images/Art_P8.jpg
(edD) SNINPOWN BlisusL

60

504

DOPO content(%)





OEBPS/images/Art_P93.jpg
pressure drop (bar)

08

o7

06

20

Time (s)

60

Nodes= 52007

80 100

max pressure drop





OEBPS/images/Art_P50.jpg
il _ _da_ _ Ng. 'AN[B]+ N, 'PIB] x [E] (17)
@ a Dou A1+ Dgy(1+ 1 m)[n]wq,Lvh DlAllE} 4Dy [PIE]






OEBPS/images/Art_P42.jpg
=== = k[E][P]— k_;[EP] — k,[EP] =0 ©





OEBPS/css/page-template.xpgt
                       



OEBPS/images/Art_P16.jpg
Model Input

i Symbol Unit Fis1 FIs2  FS1 F2S2
Quaitity 5, ) ke 1797 1778 1184 1165
material
Materal P USD kg™ 172 1161 503 7.69
purchase price
Serap factor 3 2 3 3
Equipment USD 120k 120k 120k 120k
purchase price
Equipment ¥ 15 15 15 15
lifetime 2
Equipment 20 2 20 2
salvage factor
Equipment
maintenance 1 1 1 1
factor
Bauiptic U, UsD o o 0 0
utilties 4
No.ofworkers  op Manday 2 2 2 2
Worker's wages Sy USD A 15 15 15 15
Woikers Foe 100 100 100 100
presence factor -

Rux time 2 Min 078 078 067 067
Rework factor ~ For 0 0 0 0
Interest rate I s 8 s 8
OuEiicad, Fon 75 75 75 75

factor






OEBPS/images/Art_P85.jpg





OEBPS/images/Art_P59.jpg
Outlet tube
connector, © 1.3 mm

Top.
part

_Inlet tube
Withdrawal hole, © 2 mm, 9 .~ connector
length 12 mm 2,
Discharge slit,
4mmx0.06mm

\— J = ~Bottom part
1 LIGA micromixing device

B i ot

—_Feed holes, ® 2mm






OEBPS/images/Art_P69.jpg
gi = F(E52, Wa; F(ZE1wji +6;) + i) ¢y






OEBPS/images/Art_P39.jpg
g0 = ~HlEIAL+ k(58] — W[EIIPL+ K S[EP] + K [E°B] — Ky [E AL+
KLo[BA] - K[EI[PI+ K [£8] =0 ©





OEBPS/images/Art_P26.jpg
Modulus (MPa)

E0)

2500

2m0

1500

100

500

COICCT mmCCM =k=CCT =8=COM

a0 000 020 1030
Filler loading (wt%)

0140

w0

n

»

0

Strength (MPa)






OEBPS/images/Art_P30.jpg
Mo PEoA swnPE A






OEBPS/images/Art_P73.jpg
35
30
25
s 20

10

10 20 30
Number of neurons in hidden layer

a0






OEBPS/images/Art_P60.jpg





OEBPS/images/Art_P14.jpg
‘Extension (mem) =

@)






OEBPS/images/Art_P57.jpg
Inlet

Zrm
oo e

Bottom plate

Ovring groove
Discharge siit

Mixing element

Screw hole

Alignment pin





OEBPS/images/Art_P87.jpg
on(L,u,;x,t)

7t T Vnlluin )]+ 0, [Pl 0] = Sz t) )





OEBPS/images/Art_P1.jpg





OEBPS/images/Art_P44.jpg
= =k, [E][A] - k_,[EA] =0 an





OEBPS/images/Art_P88.jpg
—y @ (x,t)8[L—L_(x,t)] 6[u,.—u_(x,t)] (6)





OEBPS/images/Art_P10.jpg





OEBPS/images/Art_P62.jpg
aC,

i

ot

+V-(-DiVCi+Civ) = R;

@





OEBPS/images/Art_P28.jpg
Ma (%)

wWf—-wi
x100%

(1)





OEBPS/images/Art_P53.jpg





OEBPS/images/Art_P36.jpg
kg kg
E+P& EPSE*+R 3)





OEBPS/images/Art_P19.jpg
Water absorption (%) = [ (M fipal —

M initial) / M initia1 | X 100





OEBPS/images/Art_P45.jpg
8 = Ik [E][P] — k_g[ER] =0 (12)





OEBPS/images/Art_P38.jpg
. ]
E+ P <SEP; ()





OEBPS/images/Art_P12.jpg
1 7 3 4 5 6 7 8

S1 Polyimide 1218 345 128 1034 2068 896

s LM 1163 221 L ss2 1034 5
Polyester






OEBPS/images/Art_P72.jpg





OEBPS/images/Art_P55.jpg
Model prediction (] —(B)
Experimentaldata - - (o] ---[B]






OEBPS/images/Art_P98.jpg





OEBPS/images/Art_P4.jpg





OEBPS/images/Art_P81.jpg
= (ayp,5,) + V-(ayp,0,0,) = —a, VB, + V%, + ayp,§ + Zney (B, (5, —v,)) (&)






OEBPS/images/Art_P21.jpg
T A

Davs





OEBPS/images/Art_P94.jpg
Uy

Fixed Fully flvidised bed
bed region
region

‘Semi fluidised bed
oen

006 o o 009 o1 om  o; o om
Gas Velosty ()






OEBPS/images/Art_P77.jpg
Y

X1 X2 X3 RSM ANN
@Y @r) @) Bl e Model | Relwive
vilve  ewor  value  emor
15 5 6 2.8600 25273 11.63 28631 o011
10 10 6 33772 33772 ] 33772 0
10 10 6 33772 33772 ] 33772 0
& 20 6 3.6268 38273 553 3.6219 0.14
10 10 6 33772 337712 0 33172 0
- 5 6 1.6973 1.8934 1155 1.6997 0.14
15 20 6 54556 53917 117 5.7286 5.00
10 20 3 4.1457 4.0844 148 3.4835 1597
- 10 3 2.4550 22463 85 24528 0.09
10 10 6 33772 337712 0 33172 0
15 10 3 3.0972 3.2850 6.06 47174 5231
10 5 9 2.6764 27308 203 26797 012
10 10 6 33772 337712 0 33172 0
10 5 3 1.8787 1.9619 437 14649 2203
10 20 9 5.4820 5.4067 137 54823 0.01
5 10 9 34821 32943 539 3.4826 0.01
5 10 9 39351 418 53 39353 ool






OEBPS/images/Art_P64.jpg
Velocity magnitude (m/s)

[RES

o.0011

o.001

0.0000

0.0008

0.0007

0.0006

0.0005

0.0004

0.0003

0.0002

0.0001

% po-10
~e-p0=20

To00

2000

3000
Peapae

3000

5000 5000






OEBPS/images/Art_P51.jpg
k= Ae RT
(18)





OEBPS/images/Art_P17.jpg
Property Composite 1 2 4 5 6
FISI 2221 2369 0094 2294 0968 2
FIS2 2099 2347 0089 2258 0930 1
Tensile
F2s1 2115 1618 0131 887 2384 4
F2S2 1859 1594 0117 875 2125
FISI 2221 1056 0210 1080 2056 1
FIS2 2099 513 0409 476 4409 3
Compressive
F2S1 2115 854 0248 613 3450 2
F2S2 1859 409 0454 294 4
FISI 2221 3159 00703 745 1
FIS2 2099 2049 0102 482 2
Flexural
F2S1 2115 1346 0157 317 3
F2S2 1859 949 0196 223 8336 4






OEBPS/images/Art_P47.jpg
Ng. IAJ[B]+ No, [PI[E] x [E] (14)
81+ D [P1+ Do, [AllE}+Dq. [P1[E]






OEBPS/images/Art_P34.jpg
&y b ]
E+A< FEA—SE*+P M





OEBPS/images/Art_P49.jpg
= = ka[EA] — (ks + ko) [E][P] + k_g[EP] + k_g[ER]

dt
_ Np, AT gl g, [allPlE]
= L, ® 16
{Dh AT+ P14 (1+ o+ L) A0} 4D 1+ o+ mlnu} Edas
D JATERT+ Do JATE L5} D [5TE8H D JATIEEE]





OEBPS/images/Art_P79.jpg
1 Froblem Defimbion

ﬁ‘—t

[ETe——" ‘ ProcemDstaiton,

PR T—r——

homizel syt sloction

Frocess Frosun
Speshosian Sprafeumans

W_L—W

| FTE T ———

Palmer Proerics
‘7 — (8=

PR Ep———

Ee Pkl
Ererey contiguiticn ki

ooy

o )
wnvines. || [amameaiy

T

Dicatzsion

S

[r——






OEBPS/images/Art_P66.jpg
Concentration (mol/m®)

052

051

s

040

0.8

047

0.6

045

0.4

043

042

diikamgih

‘
)N ~——p0A0
|

Il






OEBPS/images/Art_P96.jpg
1 1 1Sa\vemcm
fos oy
Infinte domain |

Black Pepper__|
Particle

by

AN e

veogy 1

L i e






OEBPS/images/Art_P33b.jpg
Acetic Acid + Isoamyl Alcohol — Water + Isoamyl Acetate

(P) (B) (R) Q)





OEBPS/images/Art_P83.jpg







OEBPS/images/Art_P6.jpg
LOI (%)

50

w0

£

10

B

H
DOPO Content (%)

2

1






OEBPS/images/Art_P70.jpg
)
MSE =Y (d, — gu)?





OEBPS/images/Art_P15.jpg
Cunr =2 OiAi( HWHZ[(H

Su
3L s St o3,

i = J

1,

Hzg is

s (14 F )

it 72‘ N +1(E“" FyFy )+ Foukyy

@





OEBPS/images/Art_P92.jpg
2

Bed Height (m}

10

0

50 80
Time (5)
——actual bed height

100






OEBPS/images/Art_P23.jpg





OEBPS/images/Art_P41.jpg
d[E'B] _
—— = k3[E*][B] - k_5[E*B] - k,[EB] =0
®)






OEBPS/images/Art_P9.jpg
Flexural Strength (MPa)

120

g

Pl svangn
A Fiowsi Nadis

1/1K i
’ I

o 2 4

6 8 10 12 14
DOPO Content (%)

16

Flexural Modulus (GPa)





OEBPS/images/Art_P58.jpg





OEBPS/images/Art_P84.jpg





OEBPS/images/Art_P33.jpg
Reaction 1

E EA E E*B E
E*P EQ
(@)
Reaction 2
E EP E E*B E
E*R EQ

(b)





OEBPS/images/Art_P68.jpg
A1.0334

N B

v 0014






OEBPS/images/Art_P76.jpg
ARD =2 x 3= |
5

Xexpi

)





OEBPS/images/Art_P25.jpg
60L/t

(1)





OEBPS/images/Art_P90.jpg
+ V. (i5:p,) = 3k,p, L3 (b; + w,G;) —2k,p,Lia;

(8a)





OEBPS/images/Art_P56.jpg





OEBPS/images/Art_P2.jpg





OEBPS/images/Art_P13.jpg
Fiber Preforming Puitrusion
il i Cloth Rack Resin Tank iy Heaters
Puling Mechanism Woving Finished
Engaged Cooling Part (— pisengaged [ Cut-off saw Product






OEBPS/images/Art_P80.jpg
(5p5) +7-(5,0,05) =0 [






OEBPS/images/Art_P86.jpg
@





OEBPS/images/Art_P43.jpg
=) — k,[EA] + K[EP] — ks[E*][B]+ k_[E*B] = (10)





OEBPS/images/Art_P99.jpg
o
&

o
IS

+ Drag Coefficient (Z.G. Fing)
Drag Coefficient (A. Haifler)
== == Drag Coefficient (CIft)

& Drag Coefficient (CFD]

Drag Coefficient
> o
S &

o

0
1000 1500 2000 2500 3000
Re
@
70
60 -
50 -
a0 -
Fh
Zi55,- === = Nu [Whitaker)
- Nu (Ranz and Marshal]
20 - — = Nu(achenbach]
— - = Nu(Feng)
10 - —— Nu cFD)
0
o 1000 2000 3000
Re

(b)





OEBPS/images/X_topbar.jpg





OEBPS/images/Art_P27.jpg
oce/T
mce/m

(s/unm) ayes Suywang

0/40  10/30  20/20  30/10  40/0

PP

Filler loading (w1%)






OEBPS/images/Art_P61.jpg
ov

&rrs
.

v

—nav+p(v-V)v+Vp=0

=0





OEBPS/images/Art_P74.jpg
@®)





OEBPS/images/Art_P31.jpg
111





OEBPS/images/Art_P37.jpg
Ky
E + ASSEA; @)





OEBPS/images/Art_P5.jpg





OEBPS/images/Art_P54.jpg
Yorn =

v.+AM(L.7.)

(20)





OEBPS/images/Art_P97.jpg
Tagmor
142601
1aam0r
L2760
T1aor
112001
10801
amme0z
95600
2e02
raterz
102
0802
e
saten2
3102
208002
228002
142
Tatene
D00sv00

1Tt
183001
15t
Tage01
137801
E
120001
Vizean
18001
950002
T
Tarea
e
B0
s
proes
380
2
180002
108002
200003

(b)






OEBPS/images/Art_P71.jpg
Enzymatic hydrolysis

ANN Yl






OEBPS/images/Art_P63.jpg





OEBPS/images/Art_P3.jpg
Laser beam - 1 || Subsirate Laser beam -2

=%, Ay S

Sd s

Vacuur chambec | [ lon source






OEBPS/images/Art_P20.jpg
Weight loss (%)

M jnitial = M gnal) / M gpat] x 100





OEBPS/images/Art_P11.jpg
1 2 3 4 H 6 7 8 9 10

FI*  Boron 140 2630 3999 3999 1669 020 413685 482633

F2* Kevlard9 12 1467 1517 41 29 035 275790 S517.12







OEBPS/images/Art_P29.jpg
Tensile Strength (MPa)

10 s
‘Spear Grass Fiber Loading (wi%)






OEBPS/images/Art_P89.jpg
Z«r(z 108 49 )] - Zm ) PR LS| FETeR )

(7)





OEBPS/images/Art_P46.jpg
[Ex] = [E] + [EA] + [EP] + [EA;] + [ER] + [E*] + [E*B] (13)





OEBPS/images/Art_P95.jpg
{[33 7240, 4nswl " 337
©

dppg





OEBPS/images/Art_P7.jpg
Weight (%)

r

w0 20 300 40 50 60
Temperature (T)





OEBPS/images/Art_P33a.jpg
Acetic Anhydride + Isoamyl Acetate —+ Acetic Acid + Isoamyl Acetate
(A) (B) (P) Q)





OEBPS/images/Art_P82.jpg
> (@.p,8) + V.(a,p,08,) = —a,VB, +V.%, +ap, i+ 2o, (8,5, -3)) )





OEBPS/images/Art_P22.jpg
4

10

—— 10000
@ 9505
- A-o010
—8 5515
=X 8020

10 15 20 25 50 )






OEBPS/images/Art_P52.jpg
= !
R, Ae RT=
JAeRT=TJ0 A Xe KT o
A Er
(19






OEBPS/images/Art_P65.jpg
44.0302x107 A 1.2785x107
»10% x10%
12
s A
20
10
£
£ 5
z
5
20
15 4
10
2
s
B
o o






OEBPS/images/Art_P78.jpg
Predicted glucose

concentration (2/1.)
T

zero error line
= RSM
A ANN

Experfmental glucose concentration (/L)

6






OEBPS/images/Art_P48.jpg
= el — ( + kEI[A] + K [RA]
H@(ﬂ’hhﬁuhﬂl’"ﬁl

] {D.,m-..,.,m-m._(”g i D+ N

Dy [AlIP)+D, JATP[B] 4Dy, [PI*[B)+ D, [ANPI[E]

}X [E] (19)





OEBPS/images/Art_P35.jpg
= e ]
E*+B & E*B—E+Q @)





