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Synthesis of Acrylates Containing Carbamate Groups and
Their UV Curing Properties

LU Ting, ZHOU Hong-yong, WANG Jia-xi
( School of Chemical Engineering and Technology, Hebei University of Technology, Tianjin 300130, China )

Abstract: Ethylene carbonate respectively reacted with 1,6-hexanediamine and isophoronediamine to
produce carbamate diols. Subsequently, transesterification reactions between the resulting carbamate diols
and dimethyl malonate led to malonate terminated carbamates. Finally, a series of multifunctional acrylates
containing carbamate groups (NIPUs) were obtained by Michael addition reactions between malonate
terminated carbamates and 1,6-hexanediol diacrylate, 1,3-neopentyl glycol diacrylate and polyethylene
glycol diacrylate, respectively. The synthesized intermediates and NIPUs were characterized by *HNMR
and high resolution mass spectroscopy. The UV curing process of NIPUs was studied by FTIR and the UV
cured film properties of the synthesized multifunctional acrylates gel were preliminary evaluated. The
results showed that the multifunctional acrylate solution with 3% photoinitiator 1173 (mass fraction, based
on the total mass of the mixture, the same below) and 10% HDDA could be cured within 60 s and form
films with smooth surface and good flexibility (0.5~2.0 mm). The gd rate of the cured films was greater
than 96%. The adhesion of the cured films to glass was level 0~2. The pencil hardness of the UV cured
films based carbamate acrylates derived from HDDA and NPGDA reached 6H.
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Tablel Reactants and products

Ry I I m Rz DA NIPUs
(CHz)s HDA T, M. (CHy)s HDDA NIPUB,
CH,C(CH3),CH, NPGDA  NIPUB,
(CH,CH,0), PEG200DA NIPUB;
CiHis IPDA I, MM, (CHy)e HDDA NIPUD,
CH,C(CH3),CH, NPGDA  NIPUD,

(CH.CH,0), PEG200DA NIPUDs

o~

O— 0 0

0 (o)
N/RI\N )J\O /\/Oﬁ O
H H o) 0

121 RIL T ER B —B5 69 ) &

S SR [14-15] 5 0 1,6-00 ik R
T (223 HE) BE (11.): 7250 mL = HHE,
JinA 18.49 g( 0.21 mol )EC, 11.66 g( 0.1 mol )HDA,
35 mL S BE, 40 °CIRIE . & EC Hik FELT Ak
WfE SRR, WARER, BRI, s
[ A ] — S B DR U, 50 °CT4:, 153 26.61 g
H R AR AR T o, WORN 91%, & T T A% A
'HNMR(DMSO, 400 MHz), ¢: 1.22 (br, 4H,
NHCH,CH,CH, ), 1.36 (br, 4H, NHCH,CH,CH,),
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2.95(m, 4H, CH,CH,NH ), 3.52(m, 4H, CH,CH,OH ),
3.93(t, 4H, CH,CH,OC(O) J, 4.69 (br, 2H, OH ),
7.08 (br, 2H, NH), FTIR(KBr), »/cm™. 3328.9,
2946.4, 2860.7, 1687.6, 1535.1, 1459.6, 1340.8,
1267.8, 1220.5, 1140.3, 1085.3, 10555, 895.2,
785.2, 735.6, 635.6,

27 SCHR[16-17] 15 B0 S Z)R T — g Bk — H iR —
(2-F %) B (1y): #£ 100 mL =R, A
8.81 g (0.1 mol ) EC f1 8.52 g ( 0.05 mol ) IPDA,
E N, PRI LA FE, 2218 2 100°C, FIH
FTIR Kl A R EC BRIELLTAMR IG5 AT K,
R ETFH] 17.30 g IR E A EK 1T, YOR 100%, BT
FH4b 45 H . 'tHNMR( CDCl3, 400MHz ), 6: 0.68~1.38
(m, 13H, CHs, ringCCH,C, ringCCH,CH ), 1.73
(br, 2H, ringCCH,CH ), 2.93( br, 2H, CCH,NH ),
3.60~3.91 (m, 5H, CH,CH,OH, ringNHCHCH, ),
4.21(m, 4H, OCH,CH, ), 4.63( br, 1H, CH,NHC(O)O ),
490 [ br, 1H, OC(O)NHCH )., FTIR(KBr), »
/cm™:3319.1, 2940.8, 1701.8, 1544.2, 1462.2, 1308.6,
1251.7, 11445, 1080.3, 1040.5, 891.2, 774.2,
122 A—HBREETADT S, 65 &

1€ 100 mL = P A 10.70 g ( 0.081 mol )
DMM #15.85 g (0.02 mol ) 11,5 0.14 g(J 4%k
5%)1% 1k K,CO3, 7E 0.1 MPa T 90 °C ¥ 4 h, Z4%
W AT 1 o S0 58 4, 59 31 TR R iR ity 1) 24 3 T
B, 5 DMM BIR G (fRiFklla D), 14.4 giR#
BRI, 77 3% 100%.

fE 100 mL = A, MIA 5619 (0.016 mol )
11, #1459 (0.034 mol ) DMM, 0.11 g ( it /3% 5% )
i1k KoCOs, 7E 0.1 MPa'F 95 °CJz i 3 h, 5|
TR B ) A TR ER T, 5 DMM BYIR A4 (il
FRIpD ), 9.0 giRHE AEHIRIA, 73 100%.
1.2.3  RJIKF BR B 7 M B B NIPUs 89 4 &

1E 100 mL = AN NA 5.10 g 1II,D( 0.0067 mol
1M ., 0.014 mol DMM )5 13.85 g( 0.061 mol )JHDDA,
0.14 g( Jiit 734k 5% ) i fk K,COs, HLA T T, 60 °C
KR 8 h J5133) 19.09 g R AWK, 7o
100%, f&FK NIPUB,, #EOGIEFE,

£ 100 mL — N, Al A 5.10 gl , D( 0.0067 mol
., 0.014 mol () DMM ) 5 13.61 g ( 0.064 mol )
NPGDA, 0.14 g(fits4k 5%)ififk K.COs, 40 °Citt}:
30 minJ5, ZEFHEZE 60 °CRN 1 h 15 18.85 giR#HE
ORI, 77 100%, K NIPUB,, #EEIRAT

T£ 100 mL = H i, A 5.10 glll ,D( 0.0067 mol
., 0.014 mol DMM ) 5 18.96 g ( 0.061 mol )
PEG200DA, 0.14 g ( it 4534k 5% ) {fifk K,COs,
HUIA FF , 60 °C 1 8 h J5 535 24.20 g 1k # (0 %654

WK, 773 100%, fajFK NIPUB;, #EGIRAT .

TE 100 mL =N, JmA 9.06 g (0.016 mol
(1 ,,0.002 mol f DMM )T, D 5 15.39 o 0.068 mol )
) HDDA, 0.11g ( BifE 4%k 5% ) TH ki) KoCOs,
PUBEFE, 60 °CRN; 5.5 h, 153 24.56 g (%,
PR, 722 100%, iR NIPUD,, #EGIRAT .

f£ 100 mL = A, JiA 8 g (0.015 mol A Iy,
0.0018 mol ) DMM ) 1ll, D 5 15.76 g( 0.074 mol )
NPGDA, 0.10 g(Jfi /341 5%)i% 1t K,COs, HLAH
$£, 60 °CJ i 2 h J515 23.86 g B (AL MM 4, =
100%, fai#k NIPUD,, #EGCIETE .

£ 100 mL =P, fimA 8 g (0.015 mol [y,
0.0018 mol ) DMM ) ¥ 1ll, D 5 19.82 g ( 0.064 mol )
PEG200DA, 0.10 g(Jfit434i 5%)i%fk K,COs, 60 °C
MM, KW 5h 15 27.92 g FiEiR i ik, 7=
K 100%, fAHk NIPUDs, #EYGIETE
1.3 REWNNFEHR

ML R . ¥ NIPUs 5 5 B 40 81 10005
PERBER HDDA | i BB 7341 3%0t51 &7 1173
REHA], BUL BT TE KBr & H F, 75 9 mW/em?
(EESMTHEIT , R FTIR SRAEA w48 B a] T
LT AN, $ A (1) TR UL LR (Con. ):

can - BT 01

A Y 4RI IR AT —CH=CH—5—C=0
AR PR R AR, A% . AVPHE M ¢ s IR
—CH=CH—5—C=0 /Ml W i B3 T FH
1.4 SeEMLEER & R H R R

¥ NIPUs 5 5 s i 10%05 PE 77 B¢ 7 HDDA |
A7 R A 390 E | kR 1173 IR A A, IR
FRTEBE B AR _F A TURIR, VRIREE A 300 um, B4
MR P AR (JEIRAERA 22 mWiem? ),
F 36 L 58 T i), 2 0 GB/T1731—1993™°
M, GBIT9286— 1998l 52 il 2t [ £k 55 75 3% 15
I T, GBIT6739—2006 2 LAY AT

HEE R A2 < B AL BY U1 2 cmx 2 em K
AN, IR R (my, @), THEAEI 72 h JFEUEH
AR, FH OB ARHE T[S fL SR A, T R R
Bt (ma, ), BERCREANX (2) 15,

Gel /% ="2+100 (2)
m

2 HR5iTie

21 SEFEERNEBEENERERIE
M .D M HJFRE tHNMR 4387 UL 1.
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Fig.1 HNMR spectraof Il and .D

WK 1S, 76 9: 352 5 3.93 4bH)EF .19
OCH,CH,OH  H ¥ /3. 35 14 g 75 3 A8 46 S5 1o S Ao
B3 o421 5 4.12,
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B A 100%, A 7/, 77, 2'4b B i AR
B 8 h 5, EE/RSrEL 83%0 TT,D 5 HDDA %

AW Michael AL, IR 534k 17%0% 11D 5 HDDA

KM Michael finaY . S48 5 Michael a4 )
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Michael B Pihtigi— 2 W IE A Michael 774
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56407'n0-

IJ'I/Z o o HeJ8 2o OOCH
Ty oy ooy N 5
; 07" 0cH, ot ”
f
m

Kl 4 NIPUD; ) "HNMR i [&
Fig. 4 HNMR spectrum of NIPUD,

WE 4 frs, WAL E RIEF H 65 U H
FRArF B —2L, N 5.5 h 5 o 3.414bIH)E
F 1M ,D H N R ERH Ay PP JL i 2 2852 0 0, 1l
H,D &&= 5Kk N, #ik%h 100%, FIH 7.
7" 2k YRR TR H EE OR 43 8 86% 1 Tl D 5
HDDA %4 X Michael Jini, BE/R548 14%0 T, D
5 HDDA &/ 5. Michael i

Hifth NIPUs .25 *HNMR F=1F, # I 77
w4y, M,D K MyD 5 HDDA . NPGDA %
PEG200DA J i f 45 N 2 fin o

# 2 Michael a5z v 45
Table 2 Results of Michael addition reaction

. Il,D =M, D .D =M, D XX M,D =1, D #

F5 JEgk 1 5k 2 SN B [E] h HEAL/% Michael il 14/9%" Michael il /%"
1 m.D HDDA 8.0 100 83 17
2 m,D NPGDA 0.5 100 100 0
3 m.D PEG200DA 8.0 100 84 16
4 Im,D HDDA 55 100 86 14
5 m,D NPGDA 2.0 100 84 16
6 m,D PEG200DA 5.0 100 100 0

1. OIRERITEL
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R 2 R, W TR AR R R Tois A 4
N, SR FRAEHEI , B T SN I R e AR
AT B0 0 ) B Ak 23 5 B i) A TG BT R o 2]
b2 I 38 1 TR 3 A 5 oy 0 K1) R R0 L AR
N A EAE - . R 2 RATDLAEH, A
[F) S I A4 R S I B T AN ) o D43 254 o B 2%
M, D MLMELE, s TR, M, D /5T
P EA — BN IR O IR, AF T 57 (A A B
JER, B, M,D 4F A8, D 43 E 1)
A5, My D 4y E8EEH IR, K35 ™HN
IGTRER A M, R L M. T NPGDA 43
FBYAXTFR % , NPGDA 43T [8] i /E 1 J1/NF HDDA
J PEG200DA, 51.D X 1M,D Jhiff, NPGDA 1)
T T HDDA 2 PEG200DA . H TR /iR fis
i, RNKREZGREG, ROVBEE A s T
WRMEPE, BRI NEE, RE—SERILAF
FEER Michael JI SN 7=, A SCl A #E—2
Pl 5e 4 S L B ) (B4 S g B[], — 2677 1)
AT RAE TR R B AR 5 2 R, Jeik ),

R T RAE N PR R A, A SO T
M, D K&y, D 5HN RS Michael i ™4 i i g
EFERE, LI L,D 5 HDDA =4k, M, D (#
TnR= 8 e 5 frs .

607.2736
o 2 _%d 2
N O~ P
/?)( 0)\/0/2()&/\0(0\/\/\%0%

Cy9Hu40,,+Na, Caled 607.2725

A llLJJlJ‘.LlL‘A.M.‘,‘,,_ﬂ I
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15 1l,D 5 HDDA a4 s 43 B Bk
Fig. 5 HRMS spectrum of the reaction product of 1, D

k5 s, M ] LLF $] DMM 5 HDDA
F =) - 8 F i, Hid DMM 53431
PR TG X Michael IS P=9115 5 femr, ML iIfE
SIH A CIEURHAE AR [R) A0 o 3 25 8 T R Az 2] ),
FEOATN ZFR R £ o 1 2 S W R TR 5 N IR TR R R AR T
Michael sz (tHNMR -t 5 7% J5RHER fIF i 31
&K, ARSI RN AT, WA AR T,
5L ERRY Michael =Y, XHeZ&H T
AL W R IR 25 #0 T i T, 43 18] A9 S0 AR B4
SRS NG RREE G =Y TR, R
P R AR BRI (Hfll, D (T, D) 5=
TR IR S A &R TR 2 ),
2.2 UV ®E%

JIT A5 2 35 H R B TR M TR 19 1) HDDA ¥ 5651
K 1173 E LS G A S R A SRS AR 5 i
BB S KN

100 -
80

X 60r —=— NIPUB,

g —e— NIPUB,
O 40+
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201+ —v— NIPUD,
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t/s
6 WERFL LR 5 0 AT A ¢ R B

Fig. 6 Relationship between double bond conversion and
radiation time

WK 6 i, JEIR 10s 5, MU AL Rk ]
DIk 50%L) |, NIPUB; &2 NIPUD; () HDDA %
BOCREfEE, BEE IR R, BT IRRE
FERGR, T4 B 2008, U AL 3R 354
JEAENG

SEHE NIPUS e 6 AR 4k, B As I i 1
fig W3 3.

with HDDA
#* 3 SRR PERE
Table 3 Properties of the UV cured films
N JEE eI
NIPUs w (HDDA) /% w (1173) /% KT HlEl/s — - -
i i FHMEImm  EE IR B EI% IR
NIPUB, 10 3 50 6H 0.5 0 99 ik
NIPUB, 10 3 35 6H 1.0 1 97 T
NIPUB; 10 3 40 4H 0.5 2 97 T
NIPUD, 10 3 30 6H 0.5 0 98 T
NIPUD, 10 3 40 6H 2.0 1 96 T
NIPUD; 10 3 30 5H 0.5 0 97 T
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mE 3 PR, ERHBIEIIRETE 60 s OGR{L
743 2 1T F- B A B, [ %) 8 Jse 2R 5 1) 96% LA I,
NIPUB;. NIPUB,. NIPUD; % NIPUD, [# k5 it 4
SERE 3K F] 6H, NIPUB; 5 NIPUD; PR H: 45 #
AR TN EIE B, AR T LIk E] 4H~
SH, 43 iy 22 JE FH R TR B B[R] (% AH B AR S 35
PR ELAG B0 ) SR B0 R T

3 i

I 05 R TR — T B 55 TN TR g 1) iR 28 8 S
N, il A S P R T R BRI, AT
TRRERTAEY S VG TRER AT Michael finsLs 0,
R 25 B2 3k R T PR A T i % SR 2 I TN 4 T2 T
TR . I AT 0 AR S SR R R A2 A R 2 RN
IGTRERRIBESY, Hh R T DIRE I N M R R B AR S g
B BT S S A R ER 45 M ot 2 g
PR TR R 5 70 8L 10%0 HDDA & i, 76 i &5
0 3%651 &R 1173 51 & N HIRETE 60 s N EfL 1S
BRI B, 1AL 58 e ik 31 96%L) |,
BA B PIPE (0.5~2 mm), X 3% 58 HA B
W S (B 1908 0~2), NIPUB, 5 NIPUD, #%
BB H1 IR 3] 6H . T A4 2 ik FH R i 1A 94 T g B LI 2R
WA [ A 1y T 4Bk B A o 2 0% 1y T i 55

S

[11  Jin Yangzhi (4:3%%). Light curable materials performance and
application manual[M]. Beijing: Chemical Industry Press, 2010: 1-327.

[2]  Yang Fan (#1), Zhang Teo (7K¥%), Wang Cheoxia (L), et al.
Synthesis and properties of waterborne urethane acrylates with
different functionalities[J]. Fine Chemicals (¥54lifk 1T.), 2015, 32(4):
466-469.

[38]  Sudiahui (F55:#), Huang Wei (#51), Yang Xuejiao (5 17), et al.
Synthesis and characterization of multifunctiona polyurethaneecrylate
waterborne UV[J]. Polymer Materials Science and Engineering (7
ST RPERE 5 T0RE), 2015, 31(1): 13-18.

[4] Bao F, Shi W.Synthesis and properties of hyperbranched polyurethane
acrylate used for UV curing coatinggJ]. Progress in Organic Coatings,
2010, 68(4): 334-339.

[5]  Shen Wentong (¥t 3¢i#), Zhang Huijuan (7% £4H), Zhou Hongyong
(%2 B3), et al. Synthesis and properties of polyfunctional dumb bell
shaped UV-curable resin[J]. Fine Chemicals (A% 401k T.), 2017,
34(12): 1434-1440.

[6] Engels H W, Pirkl H G Albers R, et al. Polyurethanes. versdtile

materials and sustainable problem solvers for today’s challenges [J].

(8l

(9

(10

(11]

[12]

(13]

[14]

(19]

[16]

[17]

(18]

[19]

[20]

Angewandte Chemie Internationa Edition, 2013, 52(36): 9422-9441.
Delebecq E, Pascault J-P, Boutevin B, et al. On the versatility of
urethane/urea bonds: reversibility, blockedisocyanate, and non-isocyanate
polyurethane [J]. Chemica Reviews. 2013, 113(1): 80-118.

Grignard B, Thomassin J M, Gennen S, et al. CO,-blown
microcellular non-isocyanate polyurethane (NIPU) foams: from bio- and
CO.-sourced monomers to potentialytherma insulating materias [J).
Green Chemistry. 2016, 18(7): 288-296.

Cornille A, Auvergne R, Figovsky O, et al. A perspective approach to
sustainable routes for non-isocyanate polyurethanes[J]. European
Polymer Journal, 2017, 87: 535-552.

Rix E, Grau E, Chollet G et al. Synthesis of fatty acid-based
non-isocyanate polyurethanes, NIPUs, in bulk andmini-emulsion[J].
European Polymer Journal, 2016, 84: 863-872.

Agrawal A, Kaur R, Walia R S, er al. PU foam derived from
renewable sources: Perspective on properties enhancement: An
overview[J]. European Polymer Journal, 2017, 95: 255-274.

Poussard L, Mariage J, Grignard B, er al. Non-isocyanate polyurethanes
from carbonated soybean oil using monomeric or oligomeric
diamines to achieve thermosets orthermoplastics[J]. Macromolecul es,
2016, 49(6): 2162-2171.

Liu G F, Wu G M, Chen J, et al. Synthesis, modification and
properties of rosin-based non-isocyanate polyurethanes coatings[J].
Progressin Organic Coatings, 2016, 101: 461-467.

Rokicki G Piotrowska A. A new route to polyurethanes from
ethylene carbonate, diamines and diols[J]. Polymer, 2002, 43(10):
2927-2935.

Li C, Li S, Zhao J, et al. Synthesis and characterization of aliphatic
poly(amide urethane)shaving different nylon 6 segments through
non-isocyanate route{J]. Journa of Polymer Research, 2014, 21(7): 1-10.
Huang Y, Pang L, Wang H, er al. Synthesis and properties of
UV-curable tung oil based resins via modification of Diels-Alder
reaction, nonisocyanate polyurethane and acrylates[J]. Progress in
Organic Coatings, 2013, 76(4): 654-661.

Li S, Zhao J, Zhang Z, et al. Synthesis and characterization of
aliphatic thermoplasticpoly(ether urethane) elastomers through a
non-isocyanate route[J]. Polymer, 2014, 4(45): 23720-23729.
National Committee on the Standardization of Paint and Pigment (4=
R R EUEH R HE AL H R Z2 01 2%). Determination of lexibility of
films: GB/T 1731—1993[S]. Beijing: China Standard Publishing
House (' E AR Atit:), 1993: 1-3.

National Committee on the Standardization of Paint and Pigment(4:
FE VR A R bR E AL B R 25 514%). Paints and varnishescrosscut
test for films: GB/T 9286— 1988[S]. Beijing: China Standard
Publishing House ("1 EFR1fE i fiitL), 1998: 547-555.

National Committee on the Standardization of Paint and Pigment (4
EARI SRR ARZE 514%). Paints and varnishesdeterminationof
films hardness by pencil test: GB/T 6739—2006[S]. Beijing: China
Standard Publishing House (1 FEl#7 i iikt), 2006: 12-29.



