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Figure 1. Schematic diagram of CO2 Neutralization [5].
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Figure 2. Growth Trends of Bio Industry in S.Korea [7].
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© &7 qtAel disst7] A3l viel LAk ol Aol
S7F8kal Uth(Fig. 2). &, A& - (natural oil)of A
Hho] 2 polyolE A|z3to] AJEofst7u, A& AH 9
A FE7 o] Eupo] Eisosorbide) & 0183510 STt
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A 7IRke] AlF2] B, &7 A9 wiZol 22 viol
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Al gl Hpole EAmE dEAb] Wil e F A
Bio-fillen) S # ol 17HA] F57 ol 23ste AS T
gt vhol 23l = AL A FefE Az, of
o A AERe s, 2lad, Gy BA Fo] £
AREE AL ATHIL.

2. HO[2 Z&|PYE

A F9ggt AYgS A 2Lt o= A4
Aol glon, $71 wstol whel s1zo] BehgH A +
olet. #1725 2L BHedRA 2 Agaeel 2
2 HAs] e yHow g Feel Eelode
< A7) S8l vro]| QufAE 283 Hio] @ Fa-
gt Al zof tigt B o] Fopx|= FAotH10]. o=
# 27 21312 Q1 vho] uj A E o] &3t Hfo] 2 polyol
T} H}o] @ isocyanate?] 7Ero] I @ o] Z7}slar gt

H
= 7d 43t vpol w2 7|RE PUSY - 45%7} HEo|
QujA v]Fo|n U] 55%7} A{EHE dojz ¢
27F AA AT 11]. 2719 Hio]emj A5 o] &3t &
e F2 AEd dd FAE Hol L polyols
A3}l isocyanate= 7|&£2] A& §-7 isocyanateS
o] &8t= Aot Ho]2uj2 7]RES] polyol®] &
o= tha3 &2 =450 AUt

vho] @uj A 7]HES] PU polyol> A {X] polyol
(natural oil polyol, NOP), 1,3-propanediol(PDO), 1,4-
butanediol(BDO)&} -2 diol2F-E A+ polyether polyol,
sorbitol, sucrose®} -2 O ZHE A= polyether polyol,
S AlAboI L adipic acid®} 2 diacidZ2HE H=
polyester polyol, #|7|& o]4ta}gt4E ©]-&3t polyol,
2 2d3} cellulose, hemicellulose® o] F o)A =2 A
biomass 7| 42| polyol 5o 2 E RV} 7}53}ch(Fig. 3)
[5,6,10,11].

2.1. 454 MA FX polyol
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Figure 3. A raw material of bio-based polyurethane and its
process [11].

Castor oil

Figure 4. Structure of castor oil [8].
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Table 1. Composition of vegetable natural oils [13]

. Oleic acid Linolenic acid Linolenic acid Ricinoleic acid Stearic acid Palmitic acid
Natural Oil Others
(18:1) (18:2) (18:3) (18:1) (18:0) (16:0)
Soybean oil 24 54.5 6.8 - 3.2 10.9 0.6
Castor oil 6.0 1.0 - 89.5 1.0 2.0 0.5
Safflower oil 13.1 77.7 - - 2.4 6.5 0.3
Palm oil 45.2 7.9 - - 3.6 40.8 2.5

(A : B) = The numbers in the parenthesis indicates the total number of carbons and number of unsaturation sites in the fatty acid

residue.
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Figure 5. The chemical structures of the representative
fatty acids [14].
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Figure 6. Preparation of biopolyol from soybean oil [18].
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1,3-propanediol-> ATAEHL} AT A H.GO] AXE
A IHE €27} 1= polytrimethylene ether glycol 2]
A zZof 2elrh23].

2.1.3. SAIM43} adipic acid 2 diacid2FE 2] plyester plyol

0] 23}t Polyester polyol2 diacid®} diol®] i E X} vt
2o 9| A= do] A1, hydroxyacid®] TEA} HF-3-©
2 dojZ £ 9tk 3 lactide2} S lactone2] 7)EH
Y18 (ring-opening polymerization; ROMP)o]| &A= &
o2 4= th A F7FA| = adipic acidS diacid2 ARg-3F
polyester polyole] & o] F2It}. Adipic acidE diacid
2 AL U, AN ARTE 66%WA T4
A FATh SFA O U] A E-S 0] 83} LAALO] A o] AL
GAR Hg Thsall A Aol FS 2= adipic acidE

A 7Hs3skAl © A olth MyriantAl7F BEESE 2} R0
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vt adipic acido] H]3 CO29] HH ol A3 Lyé'g‘:q
(Fig. 7). 922 92440 4§09 74 WE Folw
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Figure 7. Price fluctuations of succinic acid and adipic acid
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Sedgd v EA4S 4 5 UAHH30.31].
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Figure 8. Comparison of carbon dioxide emissions from
Biomass-based succinic acid (Bio-SAC), Petroleum-based
succinic acid (Pet-SAC), and adipic acid [11].
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Figure 9. Linear diisocyanate synthesis using natural vegetable
oils (soybean oil) [33].

Ho A= A8 7hssto10].

EgiZgAgto] E7F N-BH 2 A A oln| =9} 3-8
H BhgAdo] F BHEC R JRAE L, AgNOset HHG-A] A
AAE AHS ol isocyanate”] 7t E 2 g Algtol = &
oF 2.1717F A/ E th(Fig. 9). ©] 342 AgNO;&2 Q15
S d)-g-o] A5atA|N, 23 AE3h isocyanate 2] A
7F At 2 TSAdE 7HA AL Qlo] ARl s
ShoH32]. o W o 2= EefEfof ZokE A w4t
oleic acidZ curtius Zo|HF2-S E3) Hlo| 2 ujjA 7|HEo]
isocy-anate 34 o] 7}538}th[34,35].
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sfef gHAdele 0] Zrersieio)
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Fig. 102 t}%F3l Non-isocyanate &= 2]-9-H & A 29
Holoh, §7F S92 7H A% el o= ®Hs
o] FalietA il o] 9 ¥h32 VOCE A 5HA]
2 =TH36].

Cyclic carbonate= H}o] @ T] A HAMEQl glycerolS
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Figure 10. Synthesis of non-isocyanate polyurethane [36].

2.3.1. Cyclic Carbonate®} Amine” |2t Z2| | EH &+

Five-membered cyclic carbonate?} amine2] 7J|EHut-3-
= ©]-&3}o] isocyanates ARE-SHAl il EHE| -
43 5 Ak lZAHE o) A4 WA
olatstel 4 B7lE B Zhudlo|Er)S Eleta 27
EE 3219 o3} HH-2-A]A isocyanate free PUS $HA
3 4 9lTh(Fig. 11)[38].

[e)

2.3.2. Glycerol Carbonate?|t Z2|R2EH &4
FAIOME 2e Beledwe st A
glycerol carbonate$} phenyl chloroformate®] ¥H3-S- 73]
& o] 2] &= phenoxycarbonyloxymethyl ethylene carbonate
£ ol &3tth(Fig. 12). FAI(-OME 2= E25-dd
MzL 545 He 12 d4e s &2 =4
28 7hs sttt o] ©EpAl= 2719 A vhs ¢
| £ 7HAIH, ofrlato] whgof &Jsf Hio] e Ee] -t
Fdoll o842 o UTH39].
Diamine 2] methylene groups 719} Z2| g e 2
T Al §914 Z71E 218 felHolews) ksl
methylene group 7H<= S7F=2 Q8 €4 g Ado] S7t

U rlo
]

ol

s E4o] LhedTh39].

34 obgle AbgE A Belgdwte] we stad
gho] Mk, o & Qld) feldo] LEe ARAE,
WES AT B3 840 38

o )

Figure 11. Reaction of five-membered cyclic carbonate
soybean oil with amine for non-isocyanate bio-polyurethane

polymerization [33,38].
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Figure 12. Reaction scheme to prepare non-isocyanate-based
bio-polyurethanes using glycerol carbonate [39].

2.4. HIO|20f A7|8F EE[ Y B HEA

Aed dAFA A Brol e 7Ht Ee)e-et 2t
Aol 2L FFH NEol 53 e FAlolth AE St
A b, vlg A 9 A% wd 2A4o 7123 A2
A2 AEd JARAZTEEH A s Ade =
B SoA =d& AdgrH40-45].
A2l 714 ol A84d o, +
o2 d3ts 4%t SRR Y f =
7IAIA Hzkg ol HzAe] Ade 7t=d
A== A HZol ofsf 2719 & A9 Aol
ol HA-=A[46-48], LT E-L T E[49], FTFL
E-FghAE, A AgEy dubA o s S
4 7182 771 9o H=Adoti[50]. URMH o2 AME-E
© @A J&AY 54 o= AleteA Y olE &
glo| AH = H2HA|, E2|nldotad ol (PVA) 2}

-

o J

gl
o

A, 2 A, o ZA AR W PU YEA S| F
B2 ARgET51].
3. =ttt E2(REE

EdEe g =4S Ad =4=, 29, J
2HA|, A, s, 7S, WA, A, AR
e, WA, B2, A2, ARl 5 chekal
2okl A-GHT[52-54]. 7|E9 M APetE &2+
#I gk polyold] 73t Lsd o2 Qlsto] {0 = A
zEo] gtk 2 Al 3 B AFEE o U f
7]-&ulj (volatile organic compounds)?] == 3A] 9] ¢
B4 D 7 oE g RS s Hel B
Anzolt B NS o5 971 S e

A Qe EAE EeSde A WA A o] HSS]
AFapel A AES] Au ALGEL Qlxu 3o A}
25 = resin® PVCe} PUVF F& AF8-o] SiX|9F PVC
L meutelola galito] A& 0 sl ol
Aol s = wuk ofy e} A9 Zstz Qs Zoll=
PU Aoz @2 A7t o] Fofx| i SITH56].

29 8A 2 AFRSLE SEAF Z2]9-F el(waterborne
polyurethane, WPU)Q| A= A4 $XE Q& &+
SHA| glo] =ofl EAMAIZ17] 8l Ee]e-ale = Wl
Z2 Y S ofo] 2 = (ionomer)Z A SHTH57-62].
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(a) Spherical shape

(b) Rose shape

Figure 13. Nanoparticle reinforced waterborne

polyurethane [72].
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FaAl EYewe | Ee 44 g 2 V1A
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=0 =
= &% 2AR ALgsto]

2t IPDI, PTMG, DMPAE
NCO terminated pre-polymerE A| Z3tt}. Pre-polymero]
aminopropyl triethoxysilane(APS)S Z7}slo] F4f @t
719] #+o] NCO7]E cappingA] A silane terminated pre-
polymer® =5}, ofRl7|= F3HAX] F =84 2
4tE AEelA AFE A" 8= A A pre-polymer &
A ZAH O 2 silane terminated waterborne polyurethane
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7}8H NCO stretch 7F=7} 0], § @& NCO7} APS
2 cappingd AES ¢ 5 o} APSH 7| S7sHH
AE7F F7VstAE, g H7F Al ATt dagth
Silane terminated polyurethane®] &% A A2 Si-O-Si

Ao Qlsf o= H7SHA ¢ At E2-
getEot F713keh66].
B Nl
CH,
I
Be - HO——OH = HO=-CH,=(-CH;= OB
Fabed CO0H
BC  NmCe0 DMPA
IFIM
.
[ mﬁmmwmmﬂtﬁ
CO0H
NOO erminared prepalymar
(CH,
NH,CH,CH,CH;=§~0CH,CH,
OCHCH,
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CH, HoH CLHCH,
oL 'S F-E--‘-'-trﬂgrril-m,m
doon OCH,CH,
Silame iemminpied pregabvmer
I NCHCH,),
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ocs L Jid .
. L ={{H, ij'?" LH,
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Figure 14. Synthesis of overall silane

terminated polyurethane [66].

reaction process

- 2794
33 424 B2QEE 22 S8

73 LHwA, 53] VOCHA wjZol F7]8A= A
854 e o] AR FAolth AT B AL
HEW, Q1% vpolx|gjo}, A ETFol=, HapZof A tf
BRI ol AEA B 7 AF A4
A2 @ Y(cashew nut shell liquid oil; CNSL)S XA )
87 AR FESFL QItH73]. CNSL-& cardanol,

anacardic acid @ 2-methylcardol2 A =11 31 W&l
2 o] wigl 2o 11 & AREo] EAste] 718wl
gt §oli =7t =i 4%k 7He A& YT Carandol
< EE U A AHEE= polyol, E o2 F], of
ZA G, HezgeA 59 AFAE 8=

CNSLZE¥E o]z cardanol 7]%¥+9] difunctional
diglycidyl ether(DDE)$} 22} ofnlto] 7j3hit-g-2 &3
3,4, 5718 $#AI(-ON)E 2te WFS Az
ahgict.

CNSL7|&F th3h5 polyolt o &l 24 polyolt A 2]

A A QARAE o] §5te] PUDE FAISHCHFig. 15).
FES JeAA, YAaagx EA 9 FHAE, ©
=, S EL 22 7AA 24 2 84
AT 74].
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Figure 15. Various CNSL-based polyol synthesis methods [74].
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Figure 16. Life of cellulose-based biopolymer and composite
materials [75].

B -l“'flﬁlalnl -

-
-

Figure 17. Structure of high pressure homogenizer and grinder [76].

of Aol S7hE AL e FAlolth(Fig. 16). Uhle f 5
o MEReLl ARl MRS 98 T
Az A8l A3Fel 2AA R oA gk }\ﬂE

2 e HE(CNF)9F S 204 U8 3 (CNO)S xﬂ
2o whel LR ==, 119 o & 7] (High-pressure
homogenizer), 1221 ¢ (grinder) 5 ©]&3slo] & At
2018 Sole ABR e olo AR HGolH A2
2 e RCNPE ZElHe WHoR AR 4 9
th(Fig. 17).

WEzoAL 244 Join w2 delow el
2 WgolrbuA o] oA Gzt MBEe el AL
7}t FHEEES ER8to] A|7to] EES4E | AR
d o] AAEHL 28 9T FA Hrh(Fig. 18).
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2% o B2 oy ek Algto] Haste] AFEstel o
&8 A glo} AAste] B4 H8-L Fole AT} B
[3H, AEZ A UJrZAA 9 HRo= AHA}J_}XJO] 7F
St 24 WS Hou $go] W wo] gtk

i K

2 T Ve E 123

fibara

: | .

L] L]
alkal treatment 830G alicali treatment $0°C

HalOH 2w KW 5wt %

|

L]
for non Bleaching tieatrmert §0°C

Pulihy SllologiL
rralerial cnby

MNall0, /acstate buller (pH = 4.8)
- I .
" ]
Iwyidr ety sis Hy S0y Py eiroilysis HCI
{50 wwi e (254N} reflux
[

pruri fication
[eantrifsgation, dialyssk

]

sonication
L]

celluloss nanoorystals

Figure 18. Preparation of nanocrystalline from cellulose [76].

4.2. 2| (Lignin)

Ade A4 THsE A Fol 4 B0
o FRE Agolth 21de Bz T4
Z ] Z M (Black liquor) o2 XA =31, o] i
o= AYstd = 2adyt %.78_3@4 F=¢
[77.78].

gadE B35 slett x2S 7HA AL glof, A
= A = Qe TR %X'i o] AR gk 71+°ﬂ
220 el B9, iR AUomH TEE oI5
Agt, BRI E =5 98 A8 SAAE Al
A, Hlol2 1 EA} T =2 ?']i—‘,Lé}"’ o]r,} [79]. 2
ol gagtdol w1, 71E 48 A AR &
A T2 U], A9 3 FHAS F2A 54 712
G 9 HadeRRE Be RUAL X SAE
(Activated carbon)2 A|Z3t= ARE7F A= ok &
R AT POl 5 A o8 el
=, | 3 2= A 11}7‘4 o= g3AZl F 2%
2O R CO, tf7] ShoflA] & 2%=(¢F 700C)o 4] T4
o2l By o] 93, NaOH, KOH9} 7+ &7 =
23 2ol AojA BhEjelis W 271AR Urolnl
tH[80]. ol=et WH o ade vy AlH &4
SE2 vl A0 oF 1,148 mYg Weha, ZgHe
shijal o gl BHAEre] A9 L 620~1,350 mYe A EO]
cHs1. ol & nENAE XL TS Y
8 7] 3F3HE(Volatile Organic Compounds, VOCs)E #]
AN A BAAE AL & e Ao g
t}82]. B3 AHE VIT 7| & AFAEHE HIF Ao
A o] BAREOA Bd" gadS A5k, o] F ol
'6‘]_04 E/H jﬂ—‘-‘— /H‘:' X4i]—xﬂ‘:'— q.];‘q]fs‘]- o
Aurich ofele TAT 2SSl o
A A2 diE] oF 20% <o) TH(83].
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Figure 19. Bio-plastic application of automotive parts [5].

5. SE&0}

A5 2 YA (Dalmier-Chrysler, Ford, GM, Honda,
Nissan, Toyota)= A-gAF F-Fof AF&5= LA} &7
£ FF Biole 7 Tede GAlsp] s otoh
itk ol Eebad A% A 20| S4eA
AREA 7F = aL glom, ‘?é—‘:%t WA = E”gﬁh—
UTH WA R oty e} R Fo e ARESh= A
Tixg A5ty A5 Mdskar Aok(Fig. 19)[5].

AT 2} A EE YA BE % =2 Zah,} HulE A}
Algh=d], I FolA = & —'H 7V Fash Amolm
Hpol @ & &z7h 483} Al Oﬂ +a
AL, o)) Ford AHERN AL hE42 JJwroz
& Hho] & polyol ol §5te] vhole. E& 5% H 847
o5, oltelRA0) YYANE YL o2 HRHT
SieHs). 2ej4] TEL AR WA EEO, A7)
@3 3, W A S0z Aol i, U

2L, B4, Qb Huol A Fas REolc a4 o)
= E“%E** E‘?‘i Z:Z_], —'E',‘—, :701§ o]|FolA 9L, =
Fo| ALGHT. Hole

polyol% 1436} HPOL‘R e X4%§ T e FEF Tl

shifolch TjAl ool WEL AEN A4 W=
Apolof] S115he] N4 AZFAA AHEA A

AEUE fANAZE G ofels HEAE 422
T4 5 e 24 ST B AL ArhFie

H2A G A-Hl =2 A= ‘W 2AH A Class E’of] A&

SAHHE gEs

Figure 20. Polyurethane foam applications (car seats, crash pads,
dash iso pads) [5].

Figure 21. Mercedes-Benz, bio-composite materials applied
to ‘Mercedes Class E’ [86].

222 AFE AR ol BEPARE 0]-&38H
(Fig. 21} Zro] A=} AR BEof &LA 7L, ‘o
EAHA Class A’ol= I3 A /ztal A 13 Balx)
25 A2 A B AL-5th[85] o9t = flax/sisal
matg Ee]o-d|ete] 2% vlole B RE wol E

d didel HEati, AR s AR o] 83t npol
2 EIYEE seatbacks, £o] Bjd T $&3FUTh
[86].
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Figure 22. BMW, bio-composites applied to ‘BMW 7 Series’
[87].

BMW A= BASFoll A A ¢ A]-G(hemp, kenaf, wood)7}
ZgH otad FF YA MEE<] Acrodur”E ‘BMW 7
series’ o] mjdo] HEAFH oW, 7tal 34 Ao #H=
I ZELY S =Y T ol RS wEsHAl oot 2
o Alell kY A-S st eh(Fig. 22)[87].

ZY AEZYA 7S E 2014 o] A A7}
I mE LA FAE AR} 2g BV R Hio] e
7|8k Z2fAES & 239 kg, vhol 2 7|dk eSS 10%
Hgslo] ULSAIAS BEa Alele 2 4 gloiss]
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