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Monomers

0
oH AH Jkﬁh
7= + HN + HaM G MH;
10
a} Q

Itaconic acid 1 1-aminomumndecanoic acid Hexamethylene diamine

EtOH | Strimg. 4 hrs. 60 °C
Salt formation

o
o o
o}

Dried | Vacuum, 12 hes, 40°C
Y
Polymerization
add 1wit®s Na.HPO, | RT, stiming, N, 1 br
Y
Stiming, Ny, 4 hrs, 220 °C
@) L ]
N
N G I SR, N co
O N
H n 0 m

Ml 1. £ Fa@ -3 H2F LTI 1Tl rFharBo_nRiEES/ v—h
LOREMEASFF A 2 DERAF— MW (HE /v —ik)

Nylanfi, 11-50% |, Mylon 61, 11-33%. Nylen 104, 11-754% oo T L ERE DS I HiTREEiT -2,
NylonGi, 11-75%#EMARESEHR L -3 THEREDAL v PG GhE L2 ICEAOESVEE
<. HELRFIZ/ORT (BFE1-34) .

1—2) A Fa - BAXRASM T o -RECENL B EDIE

1 - 1ETEELEMY ONylon 61, INIZE L AN TS 2 FIETERG A L P ROBEHESFR L,
FONFPHEZFRRRICLVT-Z (BE1—248) . fOME2RMMLEETEL — 1 2R T
AFEHLEPD LIS, I AERETRUAAOBMIZ L TCHLWCHREECHETL, LVIRET
MLETEDLSIcfaf. —J, HDALY L& difmE iz d taflhfbiEL@Aan L+ 5
B, MRHBETHNIa4£@8 N Tats BAREHIEEICLEZFN-I0TRETHY SAIERE
AWCTHRELEELTHaIcBl iz, T/ CIBEATRE{HERVZ LM G, LS,
FEASHBEA LD - LTS b L bR Dok b, BEEE LTI S Ik
Lic, W EEIcBE L T, Sads L2l Ad& o ERBREiT )L 0RO, E1 - 160
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FE1—1., A% a8, ~FHAFL0o07 20 (HHDA)Y |, 11-F 32 2 905 H 88 (LLAUA) Svide s
TR A pemintE (A oo EHMDAMTSEE A, MDA ElIAUAm EFE STl I 4 )
10% K% A H7 Ak

HMDA/TAUA L] YR
{maol/mol) L g ('c) BRx H[m-l-‘m;‘ Hﬁg . {(MPa) {I\rﬁfnz‘}
(*C) ("C)
100/0 400 ND 97 95 3 580 13
50/50 424 ND 40 31 54 58 10
47/53 425 . ND 41 54 69 17
44/56 424 i ND 114 48 246 31
38/62 424 115 ND 115 49 345 33
33/67 428 135 ND 120 6l 214 47
23/77 436 156 ND 80 70 200 46
17/83 425 160 ND 91 70 130 40

(HEIND : B &h+

WrEsEE, WIS, Y M EAENRENII~120MPa, 48~T0%. FE~345NPai i THIE TE S Z LAt
BE, AL FFI LB THEN THIONP 752 (MFAZRAF—-FE) THHEK
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L7z, EERIZAY v E N LEBELRETHY, EffBELLCREIR G T I AL A
A4FAooERABIzEATASFRHETRLTWVS,
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CETETI LA, TOBBERENO I 22227 T AR Vaar YEnitAdlA
(LLIM]/m®) D2l Elcb R EEmENEZak, T2l FOBAZE L TCRERSLY, ¥
R, FTRALGICERLEBLICTFRTAEMICH . £, BFEALETFTaERIZHS
s~ ER TGS IR EA GRS,

o, REHRoOKRZVWEREBTYT -, EfBVERE. EE7T I/ E2HVWEAS o sl KD E
SREL, TOHMIZE L THMMN RSB ERYES TS, SREAEL -3l Tx
FiREMEGIEAETIERERLTEY, PTFI-OopEEss 1, LOHAEZAKOLOTHS, #7
ZEREERGIRL0CEEETED A PEEE R0 -9elPafEH Iz b oz, RS IEEE L vz e
BEF A e THLLAFPE LR THBLEVHUAICITEHEZEL AL R, —F,
EEETHURI -1 EREOVF I/ PALACRBLLEFI 0Oy AT A0 T B
(TIAUAZ bR 2 /B ERMAR X n-Ees o4 m) #EBEORES THRM+T 525 THolek
BAAhLAEBE T RS, Jhi-ERTEo0IEHE]l — LB nHlS THL N, 1 — 1 TIXF
FTLvyMRFEHFHCTHY, ZOBRSICHBAFHBIZLOhRlsl, —FH, B1 - 27T LY
TIrOmBEEEL0, 1, 12 LERCERMoEaAsREER, FORMEIZI52-166T TH - .

FEFZH Z AEREER TR L50CTHY, FEEZI0MPZ B2 2 Fh i HEEEEZ LY
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F1—2. Nylon i, NNEFCEY BHA bOT R Yy FOLEDKE

s 1HAUA MMT RERTRE & WNHRE Y% Bt
(moi%) (wt%) (MPa) (%) (MPa) (M.J/m?)

6i,11 33 — 20 87 250 15
6i,11 33 0.5wt% 26 718 300 124
6i.11 33 Iwt% 21 1075 170 171
6i,11 i3 Iwt%e 13 741 163 102
6ia1 33 ____bwt% 10 . 62 T
6i,11 50 — 105 60 200 50
6i,11 50 0.5wi% 76 150 302 104
61,11 50 1wt% 65 428 211 291
6i.11 50 Iwt% 24 923 129 282
Gidl S0 6wi% A ms 181 120
6i,11 75 o 130 70 186 50
6i.11 75 0.5wt% 70 510 282 104
6i,11 75 Iwt% 62 667 502 291
6i,11 75 3wt 56 721 371 282
6i,11 75 6wt %% 30 484 212 120

#1l—3, BRAREVTI, VAALTRVE, TI/BERHOTIRLEASS T /ORI NS
st

P EN o *

vHAR M R DA RBRE YR HonE GBAN -~
(T8 ¢C) )

8 S0/50 94 ] 250 411 al ND
1 S50 91 110 242 415 a7 ND
12/ S50/50 96 12 255 413 55 ND
10fi(11) 25/25(50) 105 67 198 421 S0 152
AL 2525(50) 116 70 206 424 50 156
1241 1) X5/25(50) 120 T2 207 428 50 154
1i12 S0/25 25 1200 T0 200 439 S0 155
12/il12 s50/25 25 115 65 150 443 45 155
6fi 14° S0M25 25 ND ND ND 426 =11) 160
Gl 16 S0025 25 9K ] 201 427 S0 161
o/ 18 50025 25 101 10 215 436 50 166
6 20 S0/25 15 96 10 189 430 44 158

ND: e/ ML THEERES TSR THY AFBHERHERTTTHaT
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Monomers
8]
,4’“;n " oH HO OH
Hh o« NH; o
¥
0 Q
_ o .
diamine [taconic acid diaeid
- i ag
ali Toiition EtOH | Stirimg. 4 hrs, 60 °C
(8]
SE @ ’
"M ¥ My o y
] a o
Dried | Vacuam, 12 hrs, 40 °C
Y
Polvmerization
add 1wtte NayHPOL L RT, stirring. N,. | hr
Y
Stitring, N, 4 hrs, 220°C
Y
0 -0 o -
N AN
. -1
NM “‘rﬂndomf H X H
X ¥
|
o - x: 6, 10,12

vi 12,14,14,18.20
Rionvlon structure
H1—2, RETCT I, A Y208, EHCANVE-BO=aAFfE€/ ~—h oD
R FFf 2 DERAFT— L

It L T3 RS @y liEmng-s, S hHRERFFRAF L LT EREEELL
A, BRIV LSS FTHEREIDR2Y S A 8OTH AN, HETIES S EREAITIT,
Clon /3-8 THAFL2PT 20 1IMA Bt AS AT 2—Thd. ZHEH
A EEHLBEHOT /w200 % O AT AR EREAA A 0 - THY, EAMMET NS s
HAHD LAHEAEOTHS, WiCNyvlenloi, 11 (#1-3TFH10/1011)) (B LTI Eife 2T @kt
AR TATHA, £, Nrlonbi, 11-To8D 4 » - @i EMETHARILF 2B LU
MBI THDZAr P2 ) P E2HERLEF, BHFEa R Y FARLGREZ 28 gh-af, Zhb
HRERT ey bOFMAERIZTEAI -3 T,
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1—3) BMERASMFF A o BBEOHER
FMA TR, EPEEEoHA Lo L BEBH THDBNylongl, 11-TER &8 LT 5 Lz, sk

(0. lmmp ) IZUF THEAe <  KHNDZ 4 7 AL P lnmg BRE (307 Y 57 o & ZIZIEMFIIEZR Y1 200 .

HEREEDI B oL EFRLE EofFE, Bl - 1o kBios+ L9z, Wt R limst
o LB -t Rifohts, SELTVADREENILE L LTa viksleEd BENLTH A
HTHAMN, AR ENCMOBE LBk, HEIHFSEEEL LR, Zofnn
ZHLE O T A O XBRE I % 1T 5 T

ELip{TLRELEsEE MR TCELSEHEERHLTVS,
1 OBz G i EET

EFRB CREE AR L. Ths Ao B L S o2 R 1
26 20.5° BEOHECHBEERE— 2 PRON, BB THE - LHMBATES, 2, KBV

Nylon10i11

Nylon5i11

HEH 1 =4, SALAHELONOAS ST AL 0 oEdE (0,015¢) OFEE (A Nylonsi, 11

A5 :Nylonl0i, 11)

Filament

{a) |IPII Oy state () iy fe} A T
f II Wt state Wt stata I."] —— Wetstale
; |II ; i .II('\I
f [ g ] 7
e/ § 1R
! .'r - .I'J.l" I".'L
A1, = e
=24 e —_—
E " “r: n [} Ll =l ] ] -~ ;:‘_l. n - - - . 1 E ] n -‘., 2 - - -
Filamant Fiber Piece
State Dry Wet Dry Wet Dry Wet
Crystallinity (%) 92 23 55 55 59 58
Degree of orientation 0.016 0.034 0.131 0.129 0.036 0.021
FEl =4 7 A2 b, dlsE, S

BEl1— 1. NylonBi, 11-To%@-b = RAsE{ERE L A D EBIR
HHEET 2 PE—20EH BB fhAFROMBEROREH SESHR L AXmBlrE (Eiil
e, k@) TR :oPpEoBEREH LEHL-#AEES LS EREALHHLEAEmME
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EEMemhdh Lhviewy, =28, 2ot erFadEitnlgeha i bl PR E LS {0
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gL @iz Eyd, ZThizH iRl E2EL Tvwinl s, 7R PICEBEEEF2EHIC
MEDFA L ERVERERD D, BROER EAVIZVOTHEET. P4 T AL PET T A
A DR EOR PR 0EEEL RS L 0E, BEFRAM T2 TRMBENES S &
S—EMREERFELTWS D & ahs,

BT, BE 1 — 30 caT i (o mw} 20070, BIIEEER 100 nm/min®) FF TR L
LOTHEHN, ZHIZHMNPab OFEREEL R L, FEHEE M CEIZZLOThH-A, BERICL
GEHSEREAEICEsTELT, ﬂirllémf--fmrﬂftd'r L TESLICHERENR ER TS EEZ LR
Ho ZOHMMEHEORAEMELEFIT2CE AN, SEEAM LK THAGEEL LR D8

B SAATRADD .
Bt 5B TADE#E

FEH1—5, JF a2 ipoBEyar-BOTE (F) FERLMGELR Ny onl 0i#HE
OEE (Gl BEORFEMESEEA TS ()

S T " >100hours
77I"=I=7k$!'FI..&H'65‘EMﬁEFEE
FE1— 2. Nylonbi, [1-75%0 7 £ b A & ERRIZE L SERSAT THE Lo 7 1 LR E

itz
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BEOBEICE LTRSS, FHE1 -6 TFSr Y P rERALAE AL ADEE ST, ZO
W, iRk R CNaCIIRIE I L TEmifta i<, TR ESNZ oD L3 IchS 2 L&l L
Ed, AV 72 OB RRGRT, 24 MREETRoT £ BRI —TicmT L3
NylonGi, 11-Toh EMebF ¥ bl —fro Rl FPa AN S ERTE RS, DheisE
EEPlzHRHE L,

Bl —3iad L cBEREPCEBRICHETOLIICUTRNSEZ 54 &MWLk BT
BaEh, TR EARCHABSIEYOEETEHOAREEEFRLAGNE, LdaT,
HREPIZHEOTHN FTONESERFARBEIAALELZS (BEER) . T2V ot g bE&EAN
LEBOZ 7R AN BELTEEAl -1 C~A L AEs ks LEAER -7, MED
LofuoBEEicpnTOLHEEERL, 2FEICHIT R LB LTV ASRRCh S,

5. FRBWORERE

HFFe—zl-| TRy FFa oDk r— gk e RET

Himg FOAMREESHITE o #ElEiooy

v  SkgpAA— T A e h AR L

v N T AIEBEESICE LoEEDAL At el

v EEEWMEERSEEEYTATE m%aﬁu?t¢¢t1

voOEREERL, M, sl ot S bR Ty MERLBE TH R,

HFF =12 T FafldsS o AT ok E S S
HEEx K& LRIDZMEFHiTE - Erla100%

v AROMPa o dlkEE A TR

v FEERAL AT AR, IO F A Ol R

HFF—1-3 [WERBETEHE - SO DA A M0 EEORRE)
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v FreEledS FENZEECRRY 72200 N/nad A ANG R,
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IV. ¥ X Abstract

Development of Marine-degradable Bionylon from Biomass Wastes-derived Itaconic acid

Principal Investigator: Tatsuo KANEKO, Satoshi WAKAIL Hideo KAWAGUCHI
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-1 Asahidai, Nomi City, Ishikawa, JAPAN
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[Abstract]

Key Words:  Biodegradable plastics, Nylon, Itaconic acid, Waste biomass, Marine plastic waste problem

[taconic acid (IA) is commercially produced from edible starch and glucose. and future
competition with food is a concern. Therefore, a new |A production technology using
recombinant microorganisms capable of utilizing nonedible waste biomass as alternative
resource is being studied. In this project, amino acid-producing Corymebacterium ghttamicum is
metabolically engineered, and is used for IA production from Kraft pulp as a model nonedible
lignocellulosic biomass. Approximately 4.6 million tons of Kraft pulp remains unused; it is
widely used as feedstock in the paper industry and has been considered as an attractive renewable
substrate for the production of biofuels and biochemicals. A 1s extracted from culture using
purification process, and the purified bio-based IA is then used to synthesize a unique bio-based
nylon. A series of environmentally adaptable bio-nylons with high thermomechanical properties
and degradability are developed from the [A derived from nonedible biomass. The following
results are obtained. (1) Bionylons are produced on a scale of 5 kg, and the technology 1s
transferred to a company; (2) synthesized bionylons with various carbon numbers and their
composites exhibit a glass transition temperature of 50 °C or higher and water content of 2.7%
or lower; (3) produced composite samples exhibit high toughness (207 MJ/m?) by combining
with additives such as montmorillonite: (4) produced bionylons with high bio-derivation degree
exhibit mechanical strength of up to 400 MPa and marine degradability; (5) bionylons are
produced from nonedible biomass-derived TA. Similar to above, bionylon fibers are developed.
The biodegradability and biotoxicity of bionylon derived from 1A and hexamethylenediamine
(nylon-6i) are investigated. Nylon-6i is soluble in pure water under intense ultraviolet irradiation
and solubilizes in seawater under natural sunlight irradiation. The biodegradability of the
solubilized nylon-6i is confirmed by BOD tests using seawater and marine sediments. Three
nylon-61 consuming microorganisms are isolated from the supernatant of the BOD test, and
genomic and transcriptomic analyses reveals that these microorganisms possess several nylon-
degrading enzymes and express these genes when cultured with nylon-61. Furthermore,
molecular genetic testing using simulated seafloor cultures and the deep-sea sediment genome
database reveal that genes for nylon-degrading enzymes are widely distributed in the deep-sea
environment. In addition, biotoxicity tests using freshwater fish, marine microalgae, and marine
crustaccans reveal that the toxicity of the solubilized polymer and monomer is extremely low,
According to these findings, nylon-61 is an environmentally-friendly material with high
biodegradability and low biotoxicity.
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