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DSC, TGA, LOI, UL-94, , DMA
test

In this study, we incorporate the plant fiber into the biodegradable polymers to compose a
biodegradable composite material. The thermal resistance and mechanical properties were
investigated by DSC, TGA, LOI, UL-94, adiabatic calorimeter, DMA test and Instron. The results
reveal that the thermal resistance and flame retardancy were improved as plant fiber was
incorporated to the biodegradable polymers. Moreover, the Young’s modulus was also increased
with the adding of plant fiber.
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Bionolle 1001

A 80 mesh (0.175mm) powder

A 40 mesh (0.3698mm)~80 mesh (0.175mm) fiber
coupling agent Decuchem Co.,LTD.
76020 Z6040( )

Z-6020:N-(3-(TRIMETHOXYSILYL) ETHYLENE-DIAMINE

OCHjg
H, H, H H, H, H
H,N—C—C—N—C——C—C—Si—OCH;

OCHy

Z-6040: 3-Glycidoxypropyltrimethoxysilane

OCH
o e °
\/\/Si< OCHj3

OCHg

2. 1-1

3.

(1) (TGA) Seiko Instruments TG/DTA220 100 ml/min ( 5mg)

10 /min 600
2) (DSC) Seiko Instruments DSC220C ( 5mg) 50 c.c. / min
10 /min 250

3) (FT-IR) PERKIN EIMER PARAGON 500 FT-IR

4) (BRUKER DSX-400WB NMR SPECTROMETER NMR/Solid 400)

®)) (EA): Elementar vario EL III Heraecus CHNOS Rapid F002

(6) :TA Instruments  TGA Q500

(7) (LOI) Polymer Laboratories FTA 17 L/ min

(8) (UL-94) FTT UL-94 124 12.7

10
9) IKA WERKE C4000 ASTM 240D 0.5
(benzoic acid) 3.04 MPa

(10) INSTRONS5567  1.Sample Rate (pts/secs):10.00002.Full Scale Load
Range:3059.149 kgf

(11) (SEM): TOPCON ABT-150S

(12) X (X-ray Photoelectron Spectroscope, XPS): VG ESCA Scientific
Theta Probe. XPS X-ray Al Ko(1486.6eV) X-ray spot size 15 ~400 mm

(13) (Twin Screw Extruder): ,KTX-30, ,
30mm,L/D=43.5

(14) (Injection Molding Machine): ,BA750CD"®

(15) DynamicMechanical Analyzer : PERKIN ELMER DMA 7¢

1. DSC

DSC 1-2

Bionolle Powder Fiber



76020 76040 powder

Fiber Powder 76040
76020 Fiber 76040
Bionolle 1-1
1-8 -36 Tg -45 -10
2.TGA
1-2 Bionolle (B) 700 1-3 (F) 30%
(P) 30%
Bionolle BP10Z6040 BP10Z6020 ( 4-5%) BF10Z6040 BF10Z6020(
3.7%) Bionolle
3. FT-IR
1-4  3346cm’
OH hydrogen bonding 1-5 8FZ6040
8 FZ6040 30 peak
3400cm’ -OH free -OH 820 cm’'
peak epoxide 1-6 FZ76020 FZ6040
900cm™ Si-OH 1000-1100cm™ peak FZ6040
peak Si-O-Si Si-O-C silane coupling agent
4. EA
1-3
5. Solid State NMR
1-7 C-1  105.82ppm C-2,3,5 73.6ppm
C4 8475 89.0lppm C-6  65.3ppm 1-7 1-4 C-1 peak
celluosel 1-8 C4 peak peak D
15 1-7  C-4 1-8 D  sharp
6.
1-9 powder fiber
air  powder fiber air powder  fiber
nitrogen  fiber
0.3( )
7.X
1-10 silane coupling agent
100eV  150eV Si2s  Si2p 1-5 Cls Ols Si2p
Si2p silane coupling agent i
Composites Part B 30 (1999) 321-331 M
102eV Si " I-11 F76020  FZ6040
102eV silane coupling agent silane

coupling agent
8.
1-6
76040 BF10Z6040 1-7



modulus bionolle

, bionolle
9. SEM
1-12 Bionolle 5000
1-13 1-14 Bionolle
silane coupling agent BF10Z6020 BF10Z26040 1-15  1-16
Bionolle Bionolle
10. DMA
1-17 BP10  loss modulus bionolle 1-18 76020 76040
loss modulus  BP10 1-19 fiber loss modulus
fiber bionolle (compatibility) fiber
bionolle loss modulus 1-20 BP10  storage modulus bionolle
1-21 powder storage modulus BP10Z6020
BP1026040 bionolle 1-22 fiber storage
modulus bionolle 1-§ DSC DMA
Tg
1n.
( 19 (P F) Bionolle
Bionolle BP BF BP10 BP10Z6020 BP10Z6040 BF10Z6020
BF1026040 Bionolle
12. UL-94
1-9 UL-9%4 Bionolle
Bionolle
13.
1-11 fiber FZ76020
amine o/C
o/C
DSC 76040 Bionolle fiber FTIR XPS Si-O-C
BF10Z6040
76040  fiber  bionolle DMA bionolle powder
storage modulus  loss modulus
powder  bionolle fiber storage modulus  loss modulus

fiber
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14. 59 2000 8
1-1 13
. coupling powder N% C% H%
Bionolle|powder fiber| ¢ ) 214 38.50 | 3.65
B 100 o 0 1o gzg 2.(}/8 g/.n 3?/4
iber N% () H%
P 0 100 10 |0 0 0.67 39.72 3.8
F 0 0 100 |0 ) 0.61 39.70 3.02
FZ6020 |0 0 50 |Z6020: 48g
FZ6040 10 0 S0 1Z6040: 48g 1-4 *C Chemical Shifts (ppm Relative to
BPI0 100 |10 0 |0 Me4Si) from the 22.6-MHz CP/MAS of Solid
BF10 100 0 10 1o Cellulose Polymer
BPI0 1100 10 0 |26020:0.5 el €235 |C4 |0
:0.5¢g
%201200 Ce”‘ﬂf’se 1050 | 74.1,72.0 | 90.0 |67.0
76040 |100 |10 0 26040:0.5¢ cellulose | 1079, | 77.7.76.0, | gg 0 | 640
BF10 , 10 1062 | 73.4 : :
Je020 1100 [0 10 |26020:9.6¢
BF10 ,
Je040 1100 [0 10 |26040:9.6¢ 15 XPS
Cls [Ols [SiZs [SiZp
(€eV) (V) [(eV) [(eV)
1-2 DSC untreated
e |
10noLle - FZ6020 286 533 102 153
BP10Z6020 | 113.42 FZ6040 287 534 | 103 | 155

BP10Z6040 | 114.01

6

7
BF10Z6020 | 114.08 6.7

8

7

BF10Z6040 | 114.07




1-10
FIBER  N% C% H% 0% o/c
051 4032 655 4621 1146
M
0.53 4038  6.65 4619 1144
@
FZ6020  N% C% H% 0% o/C
336 3880 676 4031  1.0389
M
332 3869 654 4022 1.0395
@
FZ6040  N% C% H% 0% o/C
0.88  39.64 653 4432  L1I8
M
0.87 3977 645 4435 1115
@

1-6 tensile test property
% stress at
max. load
(%) (kgf/mm”2)
elongation | Stress
BP10 16.683 3.389
BF10 15.094 3.314
BP10Z6020 | 15.350 3.572
BF10Z6020 | 13.088 3.381
BP10Z6040 | 14.008 3.540
BF10Z6040 | 16.863 3.786
1-7 modulus test property
Modulus S.D.
(kgt/mm”"2)
B 23.840 0.512
BP10 36.857 1.934
BF10 35.086 0.278
BP10Z6020 | 34.008 0.505
BF10Z6020 | 33.969 0.292
BP10Z6040 | 33.601 0.237
BF10Z6040 | 32.640 0.277
1-§ DSC DMA
DSC DMA DMA
lossmo tangent
dulus detal
B -35.3 -29.42 -18.33
BP10 -35.9 -29.45 -21.78
BF10 -34.4 -29.54 -20.12
BP10Z6020 | -36.3 -28.67 -21.39
BF10Z26020 | -35.9 -29.40 -19.95
BP10Z6040 | -35.8 -29.11 -20.41
BF10Z6040 | -32.5 -28.91 -19.98
1-9
(kJ o) UL-94
B 21902.6 V-2
P 14363.7 --
F 15693.3 --
BP10 21585.8 V-2
BF10 21615.2 V-2
BP10Z6020 20909.3 V-2
BP10Z6040 211734 V-2
BF10Z6020 21215.6 V-2
BF10Z6040 21422.3 V-2
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—— smoothed Fiber
420 —— smoothed FZ6020
400 — smoothed FZ6040

Si 104 eV

ponng encray(ey) 1-14 BF10 2000 SEM
1-11 ESCA of silicon peaks for

fiber FZ6020 and FZ6040

1-15 BF10Z26020 2000 SEM

1-12 bionolle 200 SEM

1-16 BF10Z26040 2000 SEM
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In this study, we incorporate the plant fiber into the
biodegradable polymers to compose a biodegradable composite
material. The thermal resistance and mechanical properties were
investigated by DSC, TGA, LOI, UL-94, adiabatic calorimeter, DMA
test and Instron. The results reveal that the thermal resistance and
flame retardancy were improved as plant fiber was incorporated to the
biodegradable polymers. Moreover, the Young’s modulus was also
increased with the adding of plant fiber.
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