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New research progress of vegetable oil-based polyurethanes
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(School of Chemical and Pharmaceutical Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei
050018, China)

Abstract : This paper summarizes the latest progress for vegetable oil-based polyurethanes mainly from the view of thermoset
and thermoplastic, Firstly, the modification methods for traditional thermoset polyurethane are introduced, including physical
modification methods (filling and alloying) and chemical modification methods (copolymerization grafting, crosslinking and
interpenetrating polymer network). Materials used for physical modification mainly contain inorganic materials such as SiO, and
organic substances such as cellulose. Grafting copolymerization of styrene, acrylate and other monomers with polyurethane is
the main method of chemical modification. The characteristics, preparations and application fields of thermoplastic polyurethane
are reviewed, and the preparations, performances and applications of oleic acid-based thermoplastic polyurethane are chiefly
presented. The development prospects of vegetable oil-based polyurethane are put forward. Surface-initiated living polymeriza-
tion and other methods are used to controllable chemical modification of the traditional thermoset polyurethane and click chemis-

try method is uesd to promote multi-functionalization of the thermoplastic polyurethane,
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Y ER ARG SRR, BOFEE LA R, W Ak g2  HREA & et B w45 .
IR B> Tl b3 SRR B 4 T 3 S B K, AL GE R SR R A L XE LU 2 AL L S TR BOR LR T
RABR R MR . HATECY % WA stk A Y B o Anfe 2 otk .
1.1 #Eg

YIELOER W L EE Tr v, TR EYHMBEN ISR, RERGWHSANYHES . YHEEERRE
B AL BIE B (5 T K B R AR 0 e R R R R — A R R 5 Wy (A i Bk 1 B SR R B S LR Y 4 TR



%5 RUBEAS , 45 AE Y 2 R AR RO BT ST 30 R 479

7 A 1 38, B — R AR E
1.1.1 SEFEw

A Btk B R — e LA LI TR S e 2 B e T LR AR A O i B L RS )
TR 3975 4 BB A 4y veh 5 28 G B0 SR Y DA T 32 ) e 2 B R 1 A B B TN A R A B H Y

TETCHLIE 2 7 1 2525 R0 2 BB KH-550 4B 45k SO, 488 B ER EmE s h. —
J7 1, RE R TR SiO; 1 Si—O #4R T R &R A9 T P A R 55— 7 . BRI R T/ T S B
HE A B K M R A AR AR Ak A D BR K S , S S0 I T 3 SR A4 SRR B 3 E R 1R R R L o B I A [ e
T K, FHAEG BTN EEFEER, B VIR E, SEYDIBEYOGLU %M ff fi k 5 i 3
ZICEER A T RER, AR ER N TR R AN AES RSB T BER T . XFHRE
B R AMA RN R R TR K E. LRGSR R, 40504 48 2 /90 A B B & AR il 58 B R0 A
BHAFTEERA XFEEANAEAERSREARBZAEGRFMHEEIER. BRUETHERY
MABARR 0.5 RESEO MHELBRIFWER B NEF AR RATHEUEMNEZEEH. GEOWINSKA
SZMRAEYREZTHESMBTER MCOREEYRBEARE AR, MBTFERWH SN HERE
B o, 1 3R U b A B B A5 B R T, (E R (e 5 B A 7 B ek SR AT Bt MICC B4 388 0 7 PG
1.1.2 JLiBekt

PE P IR AR R SO B3R, R Y R R A S — AR AW OB AR IR R AR
RO TERE & AR kR, R B Tk B R A TR A0 B, T s s R e . R BRI 54 1E 15 Y/,
AFLH T4k,

LU 2027080 3 T8 R 3 A0 S RF Th 2% 2 0 B 45 79 21 2 AP BB 1K v B Ul 4 B, R A 3 B e b 18
FIHUARE RERUK BUR MR R R A48 . REABAEN R EESEIER, 2 REWEARITH
FAZRME . 55 4 e A0 T LA R A v 5 R R A L 5 X 0 B & A R VB LA B A O DL AR e AN B K e S T R
AFaEmil,

Yy HE B R Tl R R O A O 2 (B AE e — e B 5 0 . LR B X 4 40 TR O AR A R R B AL
SR KT FRIMIER S AW Z TEAFMEMIEE K, ZREEARE. BT X i,
AT A Ak 2 05 B B0 A8 7= ) Ak 2 454 18 B 45 W R RO B R 7= 40 3 1 AR Ak 2 ot BN 4R R R L B P RE A —
AR
1.2 LM

o R A G o, EE A E AL R RN EF R A NG . R EE Y
TR R A FRER 85 OB S AMEA R R A, AR SRR EE R, SRS 2
RAEMYIMELCE LS AT E R, i EEY M TES SRR LAY R SRR E &, 5 H
0 3SR B 1 3R A R et A B
1.2.1 Rt

REFEAILR RN RGBS Y HSF AR B RS FARE  RESLMEREBTAHERS,
BAE S TFEMEILRY . YL TR 45 5 8 i S A M AE R R K L
BE 35 B %) B 2 g Y B

LU %0711 F b iR FR 3R 8 31 K B9 3 2 JCBE(SOL) fl AESO 5 SOL fIR & Z B4 BIHI 4 T 2 Fhik
PERET B . AT IREREAEEGE BB 2% 2 Ak (RRER T Fs A B RN ) 17 AL
RE. ERRBRH NG EFEAET GBI EEHB LE 3 2 8 1) KR A5 2 0% 8 ke 1 3L R 1R
A 3 F i )8 SOL WK =9, AESO [RIFEZE S BREBREF N 51 & B &0 F @ it St B VE A B N 6
BB A=Y (LE 3 b)), ATHERMISHEARRARLE FANGRWIEMREARZAMELESE,
3 X PR G AL AR RE AL A T B B kst . A 15 S0 K P B AR i oA = 2 JEURH ] 4% 9 T RR i
ERABABGELIEMHER T HRETARRS BRI T EBERAMABERETFSIAKR, o i
5 LA B A 4 T RN K e (LT A0 AR AR T R R T S SRR B T
1.2.2 ZCEEwkiE

TAHLAA LY b BA ShRE v b & W1 Bt B IAL 2 5, AT DAAE S — Fh 38 B30 5 4 4 v 2 25 e B 4L ]
2 5RFMERMN ., WS ENRARCKERTANEESHE EEHTES KESFTIL.



480 o BBk % E i 2016 4F

,CONHE,

g % CONHE,
| | <
I i CH,CH=CHCH,+ wnsvonas —— AWM CHCH=CHCH +  wsnvss Nﬂﬂ'ﬂﬂﬁ CO,NHE;
\MA or BA | OM
SOL
j CO;NHE[(,) W 0 O o Polyacrylate chain

\A&«FVMTO

g backbone of AESO

wawaw CHCH=CHCH,

T wwwnnns CHL,CH=CHCH + e —— v CH,CH— E]HCH; E4HNO,C CO,NHE,

SOL

a) SOL HeAk ) B HLEE b) AESO ## 2.

B 3 SOL ## R BHEA AESO A L%
Fig. 3 Mechanisms of the grafting reaction of SOL and grafted hybird lattices of AESO

MADBOULY %57 FY 3 44l K 5 ii- B R b g W R 22 Je B M SR fL /o 84 (GOD I8 T A B R AR/ A
BIHANYPKRR SR D BABIEATINEE T R 59 B R0 Bk B8 L FC 530 1 0 7 24 K R E
BB TREERA B VIMGEEMEERZ B/, SZHHEM GO 2 MAE S 7 RBREEEE K KA, A
T R 3C B B . YEGANEH %0 FI3F &AL K B (ESBO) 2Rk . LB, il 4 B W R pUL Ik v £
TTEE(QAP) . A T T B RE AL BE LA R B R W BRI Y 2 Rk f QAP SAEFEHER N RE
2B (MSPYR & A, BB K R AER R (LA 4. Bt & B, RABR R YL REA (U3 T
#7+, M E5 PVC MERAMRERFME. BE TRMAEXIHREIRRZERA MR OIUEEE, THERE
Xk g A R 4 2 R A 3 S A S RE T DA O B AW R 2R B ROIRE b

o0

/\/\/\/\/&/\/\/\/ Aniline g
O NP _0/\/\/\/\/|_'\/\/\/\/

Cat.[Hmin]"BF- NH

_O/\/\/\/\/&/&/\/\ _/\/\/\/\/I—OKHJ)—HV\/\/\

©/NH HN \@
SEBO CH,OH SAP

Cat.HBF,-H,0 Methyl iodide

HOH OH OH
_O r
! o™ o

OH OH

—0/\/\/\/\/1_k/\/\/\/ —OWW

0 NT

|
OH OH @ HOH
NN NN o O PN _o/\/\/\/\/l—?\j)—r\/\/\
py (0N T JN
MSP QAP ©)I\’ |\©

B 4 ESBO &% % TERA

Fig.4 Synthesis route for preparation of polyols from ESBO

1.2.3 EZFREYMLUHE

Y MERARSHMRAY T LGRS MAWHERE BERIESYELEY. A TREEABEEEMN
SR EEH (IPN) R L Hb B — AR 4 i 2 3R RS 3 A0 B A0 124 MR BE , [ Bt TP 3% R o A 4y 7 56 3R &0 A0 e e AR
N AT R



%5 RUBEAS , 45 AE Y 2 R AR RO BT ST 30 R 481

VALERO %1% By B R il 5 2 1 D B P 2 e A9 B A il 2 0 . (X £ 0 RR 5 MDI fE 246 39 51 3%
TR DL AL BERE A 51 R L = LI B SR » 5 SRR TR (R 20 Lo ) 48 S5 4 . 3 o o HL v 5 R A
B AR BE B BT 58 A B, X A B TR ik AR ) SR R 1 R 2R L RO VR BEAR T 2000 (BB 0 40, T IRD W s
RAMBIFHAEVE & T 200 2R EMD B . REZBAWER 20 06 WAL BB & 4F » X 7T BE 2 i
TR A 5 T 8 S B 4 R o DT 38 5 T SRR B RO LR BB . DT AN BGRB8 5K
ST T EREMA N B R R R R AR LS M4 8 1E Budiansky 772

2 HEYHERBEREE

AR A EE (TPU) R — At ik B 3L R Yy, BB 5 B B 2 (] S 34 0 48 o 42 1 — i , 6 79 SR B W P Bt
A BT BT R R A AT . 23R B T R A B4 S 40 (R e TR BE R R B R R 2 JE X
A SR 43 71 R I AR R R A RS . SREEREARALL, AEERERABEA N TRA:- DS T
BN L, L [ AT (5] 5 FE A 5 20408 7 Ak G0 B At BB A2 K 0 B2 MR /DN 5 3) TR P A BB R, R A O HL ARG
JBE T 3o P R A (R B AR .l TR I, BT DUTT DOR AR RE L8 IR R SR ST N T
T B AL # A T UORAR B R JR B W i L R B . R 2R 2T EE S AR PR R R
BE AR R T SR A PR B, 38 B A A ) W Al A g K Ak O SUSCE iz .

GAST S5 55 L6 F W JROFF i -5 — 2 T e 0 47 Bt M AL » 76 PR B AR T o o 75 S ROKF B s It e — e
(DLFA), fE 5 fiim . 16X 2J5, YADAV 5 £ 5 i T 1 DLFA 0 H 2% 53 R IR S 1y 78 28 S R
i i 0T T AR Rl o 3 Rl A 2 e R R R A o R 1 S 4 A A e 45 T R A I R N R R R R i B R
WA .

()
|
0 CH,-0—C—R 0
I I .~ CH,CH,0OH NaHCO I CH,-OH
—C—0— N 7 At e o o~ CHCHOH |
R—C—0—(H * Y\ CH,CH,0H R—C—N i chon ?Hz
H,-0—C—
e ﬁ ) CH,-OH
Linseed oil Diethanolamine DLFA Glyceraol

B 5 4 DLFA
Fig.5 Synthesis of DLFA

SRTIAEL A e 59 32 B3 Tl = BRI AR Ta R AR M B A B A SRR BT LT 2 0 B O e
THEYhER AR IR —MWER L. R BT EA SR A T DUE i S B AT R R B Y
THEFENR TR » ] IR AR B BRI R B E BRI AIENRE. RESHREENIRHKRE L8R M Z
LT 6 A SRR

PETROVIC %0 3 8 4 i 2 $4
BYREABHAT T ZHE050, HEK
WHRRANERERT RS —H A ,
HEAT IR 3 4 18 20 6 B o — B L | ) | =————— Dangling Cq chains —————»

6. 4R JF 5 MDI #1178 — R 5 [ # Bt Y "

VR JBE 1) FA B A SR R 5 I %o 3 o i

WHBA RN BEEARET TS HEW H6 BIAFRMAIAGRERS LN

WRET . T % U W2 R TR, X R B Fig. 6 Structure of polyricinoleate diol prepared by polycondensation
REMEIH “BOBR 7B 451, 3 B

T A3 5 9 R B A B AR BN R B S5 DL RO LB BE L PP RE RO SR EBE A B, BETEE R B 7R AR R
RPN ATE BAREN A BT Rl 2 i B $AR R 5 18 A2 W R A 7 TR SR B HE K B B R A A
SRR . BARIX PR G EE AR b B AR ] A B SR A B AR A W e R L (HE R T A
R LEXT B A B 5006 70089 TPU Z544 FIE 25 #EAT B ST Bt R B, TPU-50 454 2 — i Jb % 4%
GEt HERE B B 4k, T TPU-70 fY 45 W A8 Bt WO o Br 2 HRBROIRAY . P 5 B AR [A]  (ELRE

HéO 0\/\0 ~0

0 (0]

0}H




482 o BBk % E i 2016 4F

DL R B AR — 2, I HAR B B 2 IR
HARLF B4 88, X B R T R AW
PEREDCY X 2 AP REER S B M A R
PBIE B B, 9F B e ik d R 9
X 2 B B =X R A R AT DA T O A R R
B R AT . BT B4, BUENO-
FERRER % FISEAF R B 09 — R {4k
RS &t —BAE SR RES TE

CH,

LB 7, X £ 05 MDI Fd & 57 B7 ZREWRFIGENERE S LR

LB HIEMERER., B LBEEW,FE Fig. 7 Structure of bio-based polyesterpolyol from
I £ T8 A PR R LG dimerle fatty acids

METES., WEEMREHMIES X

B A B EARET TPU B 4 f NSNS CO0H

JRLIE 5 0 9 2 2 2 M B B / \ Grubbs catays
WAFFM. YEARUEESERS HOOC~o~~~COOH 100~~~ e~~~ ~COOH
S R TR K 0 bR VoRelln0s b

OH

OH HO~ A OH

I BE B A B B3 I AR AR RE . AR
B TLLER AT B SR AHE g e 18 RO 1.0 %8
ARG TPU #R. R E 7T LA & Fig.8 Synthesis of 1,18-octadec-9-endiol and
RS 2 B ZonEE L E 8B, —Fi AR 1,9-nonanediol from oleic acid
o s — B 1, 18-+ /\K-9-) — B (ODE-
DO), 5 — 2 1 fl o — B 1, 9-F ¥
(NDO). 3% 2 ff —JuBE 53 TARHRRAY 1, 7-I1 58 2k — 7 WBR R (HPMDD) AT LA & H 58 2 42 ) 2 A BB P 2R
Rl XA IRE B E S S1-5K ) p R R B SUE AT . Besh, 5 HDI il & 59 #0815 & B AH B » ODEDO-
NDO-HPMDI 45 2| () 58 4 A= ¥ 2 P8 v R G MR A MR BE SE 9 BEAB . SR, 76 F HPMDI il % $4 28 1% 3R & AR
W B0 TR BB AR RS MR KA P OF B B . AR EE AN HDI %5 59 TPU, H ALK B 40 3o i 3 2
B 2R R FR AR AR, 3% FT BB 2 PR O HPMDI Hp 77 15 3 401 T 2

Rt R —Fh B RS A BT R S LR B Rk, T EL AL BE R . LLIGADAS 45V I thio-lene s
T 2= B 7 R A HER (OL) #l+ —BRIG TR (UD) & 3 3 T 4 F — T (UDA-diol, UDM-diol, OLA-diol,
OLM-diol, WLIE 9) . )5 FH HIF B DMF A, 5 MDI 7E 60 CTHHl £ 8B LKA . XA BEERE
Fe BARE A K, /T UK 0 RS R, UDA RN M BHEREABAF RGN ER & E
(5690~59%0) » X8 H A S AR B3R O 3% D e AR A O B0 4388 7T AR i /K 1 24 4 i 3R A%

3 R B

Tl B SR A BEBR T B W] P AR PR A W R R A1, i RE S AR A3t R 1 O BELJE ARtk » LA R AR v 0 B R N B
KAVESE , X LoV REHR R £ T B R A BRI R BN R . BARAE ) b A A IR AR (B 7E 5| 2E B 5 ' e HAT s A B
I, BEAh AN [ H LA R A R R B A AR R 22 5 IR A R ol A2 7R T ANE . BEE
e e R B R B B2 A A B i Tl B 8, AL R R AR IO R B T IR TR & B R E RO . A A T
WA A 7= JR A . 73 4 A ik T A SR ) 00 2k B X A B 5 e By s (0 B TR R AR AR

ARl A AR QU I L R AT AE R JER VB RO SR R S A Y AR R AR IR L
ARHR =B LIRS A . YT R E RS YR THKERGY, W LB B E A B SRR
SRR EY, BB RA KN RSYAMR A TERMMBMESK. EEYMERSY RN ER K
Ji R SE I B AR AT USRS A B 1 2 PERE R PR R . SR AR 0 BB B9 B2, N ALTT DUAR B BB A 57 O 3R
FUERARL 38 AT 3RAT R I O PR 5 34 A 42 B Rk o LTk I AR ) A RE A

Xt A G B A B 1 R R R bk » B — 0 R R W B Sk 9 T R PR AR E A, A RCR R SR T B R S R A 4



%5 RUBEAS , 45 AE Y 2 R AR RO BT ST 30 R 483

OH
0 ~~-SH j
Sy Mg 2 . S
[
7 OH | IS Areflux p-TSA/reflux /\/ /\/\
U 80% UDA diol
CH,0H
p-TSA/reflux H OH OH

85% j

NG (st (G RPN A
N S — s —>
0 S 84% OH

7
UbM UDM-diol
OH
0 0
% SH
ol ﬁ. o~ HOT T~
I 4 p-TSA/reflux I 4 DMPA/hv /i
80% p3 70%
CH;O0H OLA- dlol
p-TSA/reflux OH OH
85% H
0 P /\/SH / L1A1H4/THF S OH
4 4
I DMPA/hv 75%
6 80% 6
OLM-diol

B 9 thio-lene & F &4 & UD-#= OL-474 — 8284 . £it 42
Fig.9 Synthetic procedure for UD- and OL-derived diols using thio-lene
click coupling as a key step
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