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| REINFORCING FIBERS |

Straw Non-wood

Fibers

Bio—fibers

Wood
Fibers
BQST LEAF SEED/FRUIT

* Soft &

Corn/Wheat

/Rice Straws R X Hard Woods
Examples: Examples:
Kenaf, Flax, Cotton, Coir
Jute, Hemp
Examples:

Sisal, Henequen,
Pineapple Leaf Fiber
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| BIODEGRADABLE POLYMERS |
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BIOLOGICAL DEGRADATION
Hemicellulose >>> Acessible Crystalline Cellulose > Non-crystalline Cellulose >>>
Crystaline Cellulose >>>>> Lignin

Cotton | Jute Flax | Ramie | Sisal

Cellulose 82.7 64.4 64.1 68.6 65.8
Hemi—cellulose | 5.7 12.0 16.7 13.1 12.0
Pektin 5.7 0.2 1.8 1.9 0.8
Lignin - 11.8 2.0 0.6 9.9
Water soluble 1.0 1.1 3.9 5.5 1.2
Wax 0.6 0.5 1.5 0.3 0.3
Water 10.0 | 10.0 | 10.0 10.0 10.0
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MOISTURE SORPTION

Hemicellulose >> Acessible Cellulose >>> Non-crystalline Cellulose > Lignin >>>
Crystalline Cellulose

ULTRAVIOLET DEGRADATION

Lignin>>>>> Hemicellulose > Acessible Crystalline Cellulose > Non-crystalline
Cellulose >>> Crystalline Cellulose

THERMAL DEGRADATION
Hemicellulose > Cellulose >>>>> Lignin

STRENGTH
Crystaline Cellulose >> Non-crystalline Cellulose+Hemicellulose+Lignin > Lignin

T2l 4. HO|QMR0M EOLMEERAS EsjjAEz
et 49 H|w.

copyranose W$IAS Ztal Qe Wb njAdE R
eAe oy 7 vE BR/E Rt B4, A
ERAE AP uEAR]

A R ZAAES derth A, dER
o290 FHEE FuAERA0 FHEHT} oF
104 1008) A% ¢ =o a83 AE2 A8
gy HnAEZ e~ AL Aeritt b2k g
ISR A vlo] AR+ AaEd yo §)v
AEZ A9 54 7lpis] E4AE /HHNERE A
walEnh 8 44 faxAEReA AwEo]
ole] 714 AEE EalE w Z7be EaA 5ol o
= AERIAE vlwste] YeERfGITt weEkA nto]

¢

Al el mael oel a7k Thsetth B Lol A LA ARl oledt 7]l 54, Tl
e Berd 2ge UehlQin, Be Ads A% 9 AA8E @ aelstel Adsiel wu.
o AAEFY] 2L i AERes, v T3, o]F o] &% vl BT Ax ¥, E
2292, gad, Ad(pectin), 2 (wax) 17 4, HF 85 2 AR A7 FRHoR st
158 24w PR At ofo} #r}.
Arlagzest dade AAR Fol g 22 Hjo| 2K R2| 24
Azzexs Advd ddrEdS A& £ B 20 7% vleleAde] =43 7Hs Ve
gtk FrAE R e Al 7 SN AER oA o 5d48 B8 E-#eldet skt vk
o} t2rh 3|, AEEest 24 14-D-glu- Al g Aot e UE2 v IR
H 2. ¥ HO|29 Rt RElMR 642] 71X Sd H
Properties E—glass Flax Hemp Jute Ramie Coir Sisal Silk Cotton
Density (g/cm’) 2.55 1.4 148 146 1.5 1.25 1.33 1.38 151
Tensile strength (MPa) 2400 | 800-1500 | 550-900 | 400-800 500 220 600-700 | 300-400 400
Specific strength 941 571-1071 | 371-608 | 274-548 333 176 451-526 | 217-290 265
Tensile modulus (GPa) 73 60-80 70 10-30 4 6 38 45 12
Specific modulus 29 26-46 47 7-21 29 5 29 33 8
Elongation at failure (%) 3 1.2-16 1.6 1.8 2 15-25 2-3 15 3-10
Moisture absorption(%) 8 7 8 12 12-17 10 11 11 8-25
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Material class Manufacturer Product name
Cellulose acetate Mazzucchelli BIOCETA®
Planet Polymer EnviroPlastic®-7
Copolyester BASF Ecoflex
Eastman Easter Bio™

Polycaprolactone (PCL)

Birmingham Polymers
Planet Polymer

Poly (e—caprolactone)
Enviroplastic®— C

Birmingham Polymers
Boehringer Ingelheim

Solvay CAPA®
Union Carbide TONE®
Poly (ester amide) Bayer BAK1095
BAK2195
PET—modified DuPont Biomax®
Polyglycolide (PGA) Alkermes Medisorb®
Birmingham Polymers Poly (glycolide)
Boehringer Ingelheim Resomer®
PURAC PURASORB® PG
Polyhydroxyalkanoates (PHA) Metabolix PHA
Biomer BiomerTM
Monsanto Biopol®
Poly (lactic acid) (PLA) Alkemers Medisorb®

Poly (L—lactide) &Poly (DL —lactide)
Resomer®

Cargill Dow Polymers EcoPLA®
Chronopol HeplonTM
Hygail PLA
Neste Poly (L—lactide)
PURAC PURASORB® PL/PD/PDL
Poly (vinyl alcohol) (PVOH) Idroplast Hydrolene®
Novon Aqua*NOVON®
Planet Polymer Aquadro™
Texas Polymer Vinex !
Starch & starch blends AVEBE Paragon™
Bioplastic (Michigan) Envar™
BIOTEC Bioplast®, Bioflex® ,Biopur®
Buna Sow Leuna Sconacell®
Earth Shell Starch—based composite
Midwest Grain Polytriticum™ 2000
Novamont Mater—Bi™
Novon Poly—~NOVON®
Starch Tech ST1,ST2,ST3
Other blends Alkermers Medisorb®
Bio Plastic (Colorado) Biocomposite material
Birmingham Polymers Poly (DL—lactide—co—caprolactone)
& Poly (DL—lactide—co—glycolide)
Boehringer Pesomer®
Planet Polymer EnviroPlastic®-U
PURAC PURASORB® PLG,
PURASORB® PDLG
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IEXtapstnt 7| A 13 A 4 3 2002 8¢
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