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Research Progress in Plant Oil-based Non-isocyanate Polyurethane

SHEN Jiahui, TANG Siyu, ZHANG Weihao, WANG Yang, ZHANG Chaoqun
(College of Materials and Energy,South China Agricultural University , Guangzhou 510642 , China)

Abstract ; Non-isocyanate polyurethane( NIPU) can be prepared by polyaddition of cyclic carbonates and amine groups. This
reaction is the best way to synthesize NIPU, which not only does not require phosgene, but also has mild reaction conditions as
well as not easy to produce by-products. Starting from vegetable oil as the basic chemical raw material, the article analyzes the
status and technical difficulties of conversion of plant oil-based cyclic carbonate, i. e. , the raw material of plant oil-based NIPU
preparation route. For example, in the synthesis of plant oil-based cyclic carbonates, although the catalytic efficiency of small-
molecule homogeneous catalysts represented by tetrabutylammonium bromide is average, this type of small-molecule homogeneous
catalysts is the most commonly used catalysts for practical application and research in the preparation of plant oil-based cyclic
carbonates. The article describes the preparation conditions and their characteristics of five common plant oils, such as soybean
oil, linseed oil, sunflower oil, castor oil and jatropha oil, for the preparation of plant oil-based NIPU, and concludes that the
properties of NIPU materials obtained from different kinds of plant oils are different because of their different functionalities. Of
those, soybean oil is the most reported and easier to industrialize plant oil by far. The article also summarizes the current status
of vegetable oil-based NIPU applications in coatings, adhesives, foams and wound dressings.
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Fig.1 Schematic diagram of the catalytic mechanism of epoxidized plant oils
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CSBO 110 C/22 h p-phenylenediamine,, m-phenylenediamine, E%ﬂ e 1& the ‘ighest dn, vaeﬂ tenstle [42]
: b lami strengths of NIPU were obtained from p- and
1sophotone dumime m-phenylenediamine, respectively
~ N PP | BT 2 3R (R k 400% ) A FRE
1,4-T= 1,500 e FER o
4T Hﬂ\ ; & H!&%?MH& I, AR ] 454K good stiffness, elongation
CSBO 120 C/9 h 1,4-butanediamine, 1,5-pentanediamine, [43]
L . d at break (up to 400% ) and good thermal
ngomene amides stability, but a long curing time
T RE (3N ) B IR AR
T fE (1074 ) diethyl lycol bis ( 3- T M
CSBO 120 C/70 h ﬁ;z ( ) dietl ylene glycol bis ( I ME e ' . 1347
aminopropyl ) ether, oleic acid derivative excellent reprocessing properties
diamine (1074)
440 THIETOR P, 4,4 E L TR i
CSBO — I T B it 4, 4°-diaminodiphenylmethane Rl . . [44]
4 4*-diaminodiphenyl disulfide excellent self-healing ability
TEIHFR — 2R i (PA6SO) | S BR/R I — ; I
N UG 15 e PHVETE IR (PAGSO) i 1 i
: St IR d thermal stability and
CSBO 120 C/12 h (CA) inoleic acid dimer diamine( PAGS0) , 0 P =) good thermal stability and o,

isophorone diamine, cysteine-derived disulfide-

containing cysteamine( CA)

elasticity ( PA650 ), high tensile strength

(isophorone diamine )
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JEEE il 4 2% preparation condition W NIPU ## 55 ik
raw . .
material /] temperature/time amine group characteristics of NIPU reference
1,8-H1E— e (MDA) AMERER ) 2R RE
CSBO 80 C/48 h ’ 46
1,8-methanediamine ( MDA ) good thermal and mechanical properties [46]
yy o e b A5 >4
CSBO 120 C/24 k &‘ﬂﬁzﬁt _ izémh_ﬁqﬁjg( >400% ) [47]
silicone polyamines ultra-high tensile strain( >400% )
A 3 AL RERITUK HFHE R good thermal
CSBO 140 C/70 h S0 aminoglycan FEFPERER AR good thermal, o
chemical and water absorption properties
VU 2,4 L} tetraethylenepentamine | it RER =
CSBO 80 C/48 h 4
1,6-C. f% 1 ,6-hexanediamine good antimicrobial properties [49]
— BB R AR S AR IR S 2% 03 11
CISO 110 C/70 h Kﬁ%ﬂcﬁh\%gﬂﬂ . paR/z 2 reduﬁes'the mobility of molecules in 1507
alkylated phenolic polyamine the polymerization network once urethane
bonds are formed
£ 14T e 16-2 e T BCROHE 69,2 MPa 5 TSR
CLSO 120 C/5h i, ethylenediamine, 1,4-butanediamine, tensile strength up to 69.2 MPa, much higher ~ [35]
1 ,6-hexanediamine, m-phenylenediamine than similar materials
3,3 RN T AR
1,6-C ¥ 3,3 -diamino-N-methyl LR 4K NIPU
CISO 120 C/12 h > [ J]t-t y iamino rr.le .y g K YE [36]
dipropylamine, m-phenylenediamine, 1,6-  green and safe water-based NIPU
hexanediamine
PERE SR B NIPU U 2 R3S FH K =
3, 3-TEHE-N-HUIL T NIE AEYENRIITR R SR R R R 2 AR 5%
CLSO — — }% 3, 3’-diamino-N-methyldipropylamine, performance is comparable to solvent-based [51]
biobased fatty acid diamines NIPU coatings and commercial waterborne
isocyanate-based polyurethane coatings
LM, 14T e ORI -
N N SLpEAES (RS
CLSO 140 C/12 h ethylenediamine, 1,4-butanediamine, JrEHEREsR ’{_ s . . [52]
. . strong mechanical properties but gels easily
isophorone diamine
BiE 3 0 FIBE BE L RE R i, SR DL RRAR
CLSO 140 °C/24,36,48 h T IHE =% diethylenetriamine improved adhesion and hardness properties, [53]
reduced flexibility
St Sr BRBRIR G TE CO, A1 P LB Hh 3B R 1R
FOMO 70 ~110 C/24 36 48 h Z,: R 5+ ' 51_\' il — }% ethylenediamine, EEJBZ@ terminal c;yclic carbonates are more [54]
isophorone diamine reactive in the CO, phase than cyclic
carbonates in the chain
A S L T e I-bas P B
CSFO 100 °C./30 h EEH‘}TWH? A‘}T&,.{FH ﬁ&%ﬂi{. castor oil-based 43 ik, FVRREPELF y [55]
amine, oleic acid-based amine good molecular mass and thermal stability
w7y > - B A EL
CSFO 120 C/12 h ZEAE R FERE . ‘ HUB P RE L 5 . ' [38]
sunflower seed oil-based amine excellent mechanical properties
VY [ Ay e Y VN LY B AR A2 FIDT B P RE R AT
CSFO 120 C/12 h ethylenediamine, diethylenetriamine, isopho- good thermal, mechanical, chemical and [37]
rone diamine anti-corrosion properties
R AEALE LM (POSS) | 1,4-T &, w N -
[RAREERR DI POSS) gt 1 IR RO
COOA — 1,10-— % 3 1+ %% oligosiloxane polyamines llent thermal stability . shore hardness and  [40]
(POSS), 1,4-butanediamine, 1,10-diamino- exeetlen . crmet Slabilily, shore Hardness an
water resistance
decane
. JUbKHERE I RE T 15
COOA 140 C/24 h BEFRIMILNE castor oil-based amine, BUBRPEREAIAPERE 1T 5 [56]

adjustable mechanical and thermal properties
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gk
J:ifr il & 4% 1F preparation condition W NIPU ## 55 ik
amine group characteristics of NIPU reference

material Y&/ B8] temperature/time

v e o ey VRIS I A R HORE b
Lo g‘?%ﬁﬁ\@?*&;ﬂi};ﬁ? AL ELAT B D R

COOA 120 C/12 h ’ ) " aromatic and cycloaliphatic amine cured 39
isophorone diamine, 4, 4’-diaminodiphenyl aromatic and cycloaliphatic  amine cured  [39]

disulfide

coatings provide better corrosion protection

than aliphatic amine curing

T, (44 °C) B 1 IR T35 680 MPa
higher T, (44 °C), Young’s modulus up to [41]
680 MPa

13- W S A R i — iz

1,3-propanediamine, isophorone diamine

CJO 120 C/12 h

1) CSBO : iR R K ELIH cyclic carbonate soybean oil; CLSO : FMilk & Fi WV JBR AT cyclic carbonate linseed oil; FOMO ; 28 46 ¥F i il /iR Y fig
sunflower seed oil methyl oleate ; CSFO . R hik FR G ZE 4 KT cyclic carbonate sunflower seed oil ; COOA ; B JFRIHTHIER castor oil oleic acid; CJO .
B TR TR IFR XU cyclic carbonate jatropha oil; T2 [F] same as in following table

AR 1 S50 RN E55 32 2 NS FT M, 7RG L NIPU I, BE 4[] 21 Y 1) A 40 i AR e 288 41 1 7] 2%
Xof WIS B] | S2 I0 3 BE K e 28 fT A NIPU A4 RH) 3 1S5 A FIRE R PR RE 7 A= 52 m , HCrh | PR TR 156 IV JFR K
il (CLSO) i # Pt NIPU BHRHEA 5 SR 5 PR IR P K 23k CSBO) il 5 Bir s NIPU HA AAE A @ E
PERE ; K NR MW HE M2 AT g bR LB I e I 5 & AR PR S A 0B ot 1~ (52 1 1) e 2 ] S e i 3
SRIELCHE L I NIPU BHEHOPERE I LI E#*ﬁ%/mﬁiﬂﬁnlw AR 15, LA R G
FIbrtERE, Beobh, A5G HaYIh B oA RIE 5 S At R v T ) 20 A, R 2232 4 1k B e 2 1Y
T, 8 FH R A 8 NIPU APRFEE 5 S Tl A

®2 AEMEEWHE NIPU HRERS
Table 2 Advantages and disadvantages of different types of plant oil-based NIPU

Jsk

raw material

.45 advantages {45 disadvantages

MR MHEAR Tl 5E 3 ; CSBO R BLIE L, AL
B4 Y wide range of source, low price, perfect industrial 5 CLSO #4515 NIPU #H LL#K , 23S T6 %% B 541K

CSBO
production; CSBO has suitable viscosity, making the curing lower crosslink density compared to NIPU prepared by CLSO
process relatively easy
clso RS NIPU AL 2 A7 20 s NIPU B B2 5
highly cross-linked NIPU can be prepared harsh curing conditions ; high NIPU viscosity
CSFO FEEIE T, BALS TR 5 Tov et ae s —ik
" suitable viscosity, easy curing process average industrial production capacity
v o B A B A A R R R 6 AL BN HEAT 5 5
JEAR B, 8 TR SR B AR CLSO il % BT £3 NIPU AH Lt %2, 20 15 % B2 A hydroxyl
COOA low unsaturation and low viscosity, which facilitates subsequent groups in the main chain hinder epoxidation and cyclic
reaction operations carbonate esterification reactions from proceeding; lower
crosslink density compared to NIPU prepared by CLSO
AR BEEEAR, AT RS . p T RS
BB, BT RRRARE 5 CLSO il P15 NIPU AT He B, S0 e 1
CJO low unsaturation and low viscosity, which facilitates subsequent

. . lower crosslink density compared to NIPU prepared by CLSO
reaction operations

3 FEY AR SR R N

3.1 1EAREWH
WE R EEIRTE SR 2 R IR T A B Y [ A S B, H H e TR 47 46 2 sk 2%
MWisE, HRETE WL ZEM R RGN RABRSE, vt oA 5 2 SR ER ) H , NIPU 724 BH Tl
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(4 JRAS SN T )2 56T . Ling 25807 ARSI o4 JFURL , 388 1 A7 -0 okt o g B 5 A 3k — g A 5L
7 3,37 - 2 B -N-HH B P e S A BT RRFFIM S NIPU /K PR UR 2, 5236 i o ele A28 2L AR ) 7 i
Wit T — R YA RIEC T B BROFF I A NIPU /K PRIRJZE 25 3R R [W]C 5 (19 NIPU IR 2 34 BA 0 5 1
PFEPE BRI SRR s MR IR R L AT ek N LA BT HE L Ry 78 27 115 BFH 4% 1) NIPU
RS2 G A 2 B HH AR R A B (38 SURMRR B BT K 4B B B S i nT 5k 1.5 MPa R e
Atk fEIL 200 + kgeem) , LA VR BE T 5 3 FH K PE 53 R IR 25 SR R IR R JE AR IR 95 . Pathak 457" il —
FH R 2R S KR e 1, 6-00 e 3 R AR 43 501l 5 B RR I AT A 0 ER IR R TR 1 45 NIPU ¥ 2, Of:
X AR JZ A 2E LR AR RE AT TR, SEBR 25 R 3R B . NIPU R )2 i Pk BB AE AR R B I Bk
T8 B B 28 28 5 bl — PP L 2R AL 45 10 NIPU 332 B Sl WL R (A 2E 8 2H) A1
PHBIPERE (T, 32 °C) o BRI, 5 FIRR I M [ A 14 % 2 AR L, (S R B i 0y B8 e [ 1) 04 )2
FLAT A A HLAE B BN B S PR R
3.2 1EAREF

JE Rt 700 AL A 2 B o BE RT3 B R TR AR 7 T PSR A, B T H R AR S
BARG, HiMERGKEZE THREMIE MR, Kb, Ao BAETEIR H &, 8 2 58 5RO 1 i
2R L PR RE BN 70 A e 2 70 AT N B T . Panchireddy 5% DLAE ¥ I3 JEUREH AT A2 40 0 i
B, 5 CO, KAMA ROV HlAS H ML IR RARHER , AR5 5 1,6-C0 W AN L% By e A JO 7 57 0 45 14 i it
FRI A S 7 i) 28 A A ) NIPU, [R]E R GBI T LS 0 e B 8 i X NIPU B3R i 26 791 44
J1 M HERE R R, 45 SRR B UM A BE JR 438 3. 9% 1) ) LAS B e il A5 1) NIPU 30 H 3 5 L 5 19
FhFHPERE ; o IO M 3] 233% , S BT Hn i FE 42 = 21 196% , 1% NIPU Jie 2700 0 AR 119 285 B 5 B2 oA
28.2 MPa, %514 Jm B i A BH B8 BE 03k 24. 1 MPa, X AN E5 4N KL 558 B 8 22. 1 MPa, %4 HLIEEES
AIZER R EE N 17.9 MPa, T ISR PU AOMERE . 1SS B R R T PEREDE S5 A AE 0 3L NIPU 2645 77
HABACENL PUBAFIBIRTR . Li 507 DLERBRERIR K A FR 315 1,2-2 1 1, 4-T e
1,6-T JeiX 3 Rl & 4 AR 2 g A A 21 AR Wy B e S AR 1 2R R I 26 500, 48 1T T A Rl Fh
KM R AT A 5 L B G R B R BE AR R A R R n e, BFSE 25 SRR 1,2-2 e
1,4- T ZREA 1 ,6- T el 2 Fris i 3 G0, HLAE 4255 V15 B2 430 R 6. 23 | 8.26 F17.22 MPa, H i
TR B IN  ZAREA RIS th B I E o R B R R
3.3 HEEK

R ARV IR B HAWUE BRI P SRR, nT N T R R SR S mas ., iR
FREEAL AW A Wt JF &2 A r= Sk (A JCEE K NIPU 37K BN SR BT 3R . SR, AELI I 5L NIPU 0
IR S A DA HGE

Coste %5~ | FI Z2 T e i B Ak A5 0 RN R B R T IV IR R B4 - F Ak S 07 LA e — Jie Al CLSO =2 [1]
WY FFIR N, il 25 A5 3 A A AR YIS NIPU YR, REEHIBESE T 50 A 11k 25 B B 1 e 141 R — i
AT NIPU LRI R AL A S50 JE SR RE (052 ), 45 36 B . 78 SRAR R iR L M 3 S i
LR 1:0.25:0.75 BRI AIE T A4S B EARTR B R 7.7 kPa MU0 IR A RL . HeAh 38 ik 36 A [7) i Bt
EREEE SR e (1,6-C e JRIEIEE e 1,2-W(2-B I HIE) 288) , AT SE B NIPU 7k
FLARIERE (1,34 ~0.17 mm) FEZEHEEE (6.7 ~21.0 kPa) FUEE . 1Z TAE M A &k imEE NIPU
HOTRBRAE T B e ms , R 58 T A4 5E NIPU APRH B FHTE R, Purwanto 280 7R F I SR 520 Tl 3 30 Ak
iR lis (NC-514) 5540 G W A R A RN (BEIE AR AR ) A5 i BE Y S-e 4k = BE i CO, (&
WAER) PR T — 25 H AT PHU IR (ES) .

I 2 G0 A S SR L W) TG e B, AT SEBLXT PHU MR IE S ML E B 4 BRAE BE Y T 4
k. FIH PHU AE s al i fb 2z it PHU VR SEAT B0 T A3, T SE80 PHU 45 19 58 Wk 2, 0
PR P Y VA A 7 BN T v BN
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NC-514 with ideal molecular structure
derived from cashew nutshell liquid
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Fig.5 Bio-based NC-514 PHU foam preparation route'®

3.4 fEAf O

P VORI T L0 TR BE TRRRL, AT A 6 T A BR 4 R4V HRAE A S BR B rho R A =
A T B 1 58 UYL 4 . Gholami 25 IR ALK GIM S CO, KM Az B 5 B3R BRI IS 5 100 2
96 e e A2 FRMM LS N, I 66 7 0 &4 T e 3245 v ) e e A A e 1450 1 — 20 B A PR AEUE —0
A CE A PR B T A ME S5 A 1Y 32 HR NIPU 2% ) 285 51 3R B aZ 60 B AT D 5 9 L 4 P 6 (B A ok B 24
6 MPa, Wi 2L A2 200% ) 5V 29 BORMEE FI I, AT E AR K332 VO i 2T 24 41 i 243 JC 200 7t 2 44
PR TS NS RE 1 (P B R AR ATIA 2 30% ) A A (T BORH AR ORI 7K 28 T AL i R 390 ~
710 (gem™?)/d) . MEAb, iZMRHE HITAREE K B 3 A ek 2 W i 0 10, T DR e i i) ) A 45
iIEE Yo

4 &

A A 7 R 5 2R 28R (NTPU ) DU B | FRr 5 15 A AT 22 R 7 i S 38 AE 2 R R
SEN) Iz K B H AT R NIPU APRHEA ™ T 20 DRen 4575 i3 A AR IR T2 0], BB B
FHHIIE NIPU 58 B B IR A R T7 11 R4 2 1) FR AR ik I 0 W PR B A7 A S Ak DK 2 T A7 L 25k 1
AR R, S BORAT I SRR B IR TSR A S BT i A R 220 LSS B Tl A, AR B X TT R
] B A AR I SRR IR MR AL HEAL AR 2R L 2) ol TR ol S PR R TR I A7 S IO 15 A1 APy 1) A, S 2
NIPU SR INAEAE T 2 A i B 2EAT , Bl 15 28 NIPU MPREZE S PERE R B, AR E— 220 fk
NIPU Fg A= T 20, A R TCHR AR AR J P f) 11 A A= 7™ T 20 5 3 s X AB ik - 45 K AT A, Ji i
(AP ISR IR IRMS , HE— PR T2 RMERE . 3) H AT IhAE NIPU BN H— AR 8
I VREEAR YL NIPU (970 F-4500 , 51 AT REVE E Beal S50k, & MU BEMEAR W) 2% NIPU, 4758 NIPU i
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