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Abstract: Bio-based polyamides are environment-friendly polymers. The precursors of bio-based polyamides come from
bio-based materials such as castor oil, glucose and animal oil. Bio-based polyamides precursors include bio-based amino
acids, bio-based lactams, bio-based diprotic acid and bio-based diamines. In this paper, we discussed the route of the
precursors of bio-based polyamides that come from bio-based materials. We discussed the properties of bio-based
polyamides. Bio-based PAlland bio-based PA1010 are well-known bio-based polyamides; we discussed the origin
materials of the precursors, the route of manufacturing bio-based PA11 and PA1010, and their modifications status. The
variety, classification and commercial production of bio-based polyamides were described in details, as well as bio-based

polyamides development in China
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Table 1 The current states of bio-based polyamides
Polyamides Bio-based materials Renewable carbon content (%) Producers
PA11 Castor oil, oleic acid 100 Arkema
PA1010 Castor oil 100 Arkema, Evonik, Dupont
PA46 Glucose, starch 100 DSM
PA410 Glucose, castor oil 100 DSM
PAS6 Glucose, vegetable oil 100 Ajinomoto
PA66 Cellulose 100 Ronnovia
PAG610 Castor oil, butadiene 60 Arkema, BASF, Solvay, Rhodia
PA10T Castor oil, p-Phthalic acid - Evonik, Kingfa
PA1012 Castor oil, acyclic alkane -

Arkema, Evonik
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Fig. 1 Synthesis route of m-aminoundecanoic acid from castor oil.
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Fig. 6 The bio-based stereoregular polyamide 6 from D-glucose™".
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Fig. 8 Industrial platform chemicals derived from castor oil via pyrolysis and alkanline at different temperature.
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Table 2 The properties of bio-based polyamide 11

Properties Results Test method/ASTMD
Density (g/cm) 1.03—1.05 1 505-90
T, (C) 191-194 3 418-82(88)
HDT (1.82 MPa) (C) 52 648-95
HDT (0.45 MPa) (C) 149 =
Tensile strength (MPa) 55 638-94b
Elongation at break (%) 300 638-94b
Flexural strength (MPa) 69 790-92
Notch impact strength (20 C) (J/m) 43 256-93a
Notch impact strength (40 ‘C) (J/m) 37 -
Shore hardness (HA) 72 2 240-95
Volume resistance (Q) 6x10" 257-92
Dielectric strength (kV/mm) 16.7 149-93a

R3 EMERERE 1010 BMERE
Table 3 The properties of bio-based polyamide1010

Properties Results Test methods/ASTMD
Density (g/cm) 1.04 1 505-90
T, (C) 204 3 418-82 (88)
HDT (1.82 MPa) (C) 54.5 648-95
Tensile strength (MPa) 70 638-94b
Elongation at break (%) 340 638-94b
Flexural strength (MPa) 131 790-92
Notch impact strength (20 ‘C) (J/m) 9.1 256-93a
Notch impact strength (40 ‘C) (J/m) 5.7 -
Volume resistance (£2) 5.9x10" 257-92
Dielectric strength (kV/mm) 21.6 149-93a
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Table 4 The mechanical properties of some high temperature polyamides
Density T.(C) T.(C) HDT  Water absorption Tensile strength  Elongation at ~ Flexural modulus
(gm®) " e (C)  (%)(23°C,24h) (MPa) break (%) (GPa)
PA10T 1.11 316 125 143 0.17 100.8 — 2.7
PAST 1.14 308 126 143 0.17 92.0 20.0 2.6
PA6T 1.21 370 180 - 0.55 - - -
PA46 1.18 295 78 220 1.8 102 50.0 3.2

http://journals.im.ac.cn/cjben



HIFE F/AMERBERARERE 769

0,
Glucose ~—m—— HO
Catalyst
Glucaric acid
X X 0
0
I H,
R'O OR! Halogen source RIO
Catalyst OH
O
X X 0]
I Il
9 mEBEHES R @)
Fig. 9 Production adipic acid (esters)'*").
o — o PA510
24 BETHEWMET=H-BROEPERER
Wk PA510 PA6 PA66 30%
Nieschlag [63] 70 30% PAS10
(1,13- )
o, 0- PA6 PA66 Nishi %%
PA1313 PA11 PAI12 PA1313 1,5-
PA56 PA510 Volkert
PA1313 96% (6] pH
Samanta %% 1,13- 1,5- 1,5-
PA136 PA54 PAS56
206 C 60 C PA59 PAS512 PAST  Hashim!™”
1,13- 1,5- PA56
PA13T!®) PAI3T PA56 PA6
263 'C 90 C [66]
80 1,13- Pardal ! 9- -18
10 5
PA1313 PA618 PA1018
2.5 Hith AABB 4 E BELRR R IRK PADPX18 ~ PAL2
Kind 7
99.8% 1,5-

B 010-64807509 K cjb@im.ac.cn



770 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech June 25,2016 Vol.32 No.6

o O
”())-V\/\/\/;/\A/\)LUH + I|3N—R—NH:
1 2a-¢ R
{Iit()l 1.25°C a -(CH,)-
b: - (CH,),-
0 (CHy),

(el

j)\/\/\/\/—\/\/\/\)J\—
o o HN'—R—NFH* ‘Oﬂ , O

7.5% . 160-250 'C H;Q
-H,0 o d: GIQ
0 H CH
HO N -CH He
3a-e H H=n e: 1 —

10 FR 9-J5-18 BRI & Bl ik i R g 72

Fig. 10  Production bio-based polyamides from 9-octadecenoic acid'*.
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