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Abstract; Due to the depletion of fossil resources and environmental pollution, the utilization of biomass resources to
develop new polymer materials is of great significance. As a biomass product, itaconic acid can be prepared by fer-
mentation of agricultural and forestry waste resources. It is widely available, inexpensive and chemically active
because it contains conjugated double bonds and carboxyl groups. Moreover, traditional unsaturated polyester resins
require to be prepared by fossil materials, and cannot be recycled after curing, causing serious waste pollution, which
does not conform to the strategic concept of “green development” around the world. Therefore, the use of biomass re-
sources to prepare recyclable unsaturated polyester resin is of extremely important significance. In this study, itaconic
acid (IA) was used to the polycondensation with 3, 3’-dithiodipropionic acid ( DTPA) and ethylene glycol (EG) at
high temperatures to obtain a bio-based unsaturated polyester prepolymer (IED). A set of UV-curable unsaturated pol-
yester resins (IEDT) was prepared by blending IEDs with the bio-based tetrahydrofurfuryl methacrylate ( THFMA )
diluent and 2,4 ,6-trimethylbenzoyl-diphenyl phosphine oxide ( TPO) photoinitiator. The structure of the prepolymer
(IED) was analyzed by the Fourier transform infrared spectrometer ( FT-IR) and Raman spectra. The UV curing ki-
netics of IEDT were investigated by RT-IR and the IEDT material gel, physics properties such as viscosity, solvent
resistance, and coating were examined. The gel contents of the materials were between 90.8% and 94.7%, and the
viscosities were between 323 and 359 mPa-s. The materials had excellent coating properties and solvent resistance,
and the mechanical and thermal properties of the UV-cured materials were also studied. The resulting UV-curable ma-

terials showed a high bio-based contents ( mass ratio of 45.0%-61.1%) and excellent mechanical properties ( maxi-
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mum tensile strength up to 35.3 MPa). The T, of the material was 44.5-87.6 °C, and the material had good thermal

stability ( the initial decomposition temperatures of 251.2-258.3 C and the maximum decomposition temperatures of

351.4-377.3 C). In addition, the resin material contained dynamic disulfide bonds, which could be dynamically ex-

changed at high temperatures, thus the hot-pressing recovery and reuse of the IEDT materials were achieved. The opti-

mal resin application was for digital optical processing ( DLP)-3D printing, and its working curve was measured.

Several models with different structures were successfully printed. In general, the bio-based UV-curable unsaturated

polyester resins (IEDT) showed good application potential in 3D printing and other fields, it has great application

prospect in recyclable photocuring 3D printing.

Keywords : unsaturated polyester resin; itaconic acid; high bio-based content; dynamic disulfide bond; 3D printing
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Table 1 IED group allocation ratio 5.1 : mol
FEfi 1A DTPA EG
IED1 0.6 0.4 1.1
1ED2 0.7 0.3 1.1
1ED3 0.8 0.2 1.1

IED4 0.9 0.1 1.1

T KT P B R 15 BEL 38 ) 6 i G R Ay i A

HAE 0.5%
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IEDT #4455 B ES e 1 pros , #e e R

1 FFEC TS BB I =5 30% & o3 K i 7
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LD-002H %Y 3D FTEPHL, ¥ BV 5 e i )5, 1
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Fe3 EE A 100 mW/em” [ Intelli-Ray400W 45 40
FAL AL BEZS EAT 5 min AYJS ML,
1.5 SMERIE
1.5.1 FT-IR %#1

% Nicolet iS10 &I FT-TR {3 ke i AR AE S
VA, DT A 500~4 000 em™ 23BN 4 em ™',
1.5.2 Raman K& 547

% H Renishaw Invia 7 2 6384, 3#0& P
532 nm, PEEFE 450 ~3 000 em™" BEEHFE] 10 s,
1.5.3 RT-IR %47

i 2K A Thermo-Nicolet Instrument Corporation
FIEIE UV Nicolet 5700 Y6 A %F TEDT #9561k
PR AT I , UV BEJE5R BE 100 W/em®, R4
(C=C) WAL 2T i Wa i 810 em ™" &b fry g 5 i >
WiE .
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RELAFE o I 3 IR BB 34 {8, BRI 7 el ik
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ARBRBETE BTN R, O s15, B 100
r/min,
1.5.5 DMA #l4%,

SKH TA Q800 43 BT A A i I 45 PR 1
g, MNASAE A HApRI ) B 1 Hz, FHERHE S
°C/min, T} 3 Bl - 50 ~ 150 °C, FEA R )R 40

mmX5 mmX0.8 mm,
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2.1 IED WERMEEWMRIE
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M TA R EE (49 3 200 em™ ) Fl EG 3B 5 (4
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C—O—C & sl Mg, HAE 1 640 em™ LT
C=C MM, 5540, W IED () Raman Y63 (&
2b) At/ 7E 506 1 738 em™ A BL T v (S—S) Al v
(C—S) By W Wi, A I, AR 4 FT-IR 5 Raman Y%
W TUEB A L T S 3l S—S MHIRIK IED

[0} 0

m HOWLOH + 1 HO J\/\S/S\/\n,

0 0
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Fig. 1 Synthetic route of IED
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Fig. 2 Structural characterization of IED
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ATLVEH, 25 1A 5 DTPA IR R & 6:4
FE 918 M ARAY €, EM 45.0% 1 F+3) 61.1%,,
PRI, B & BUAY TEDT B iR 37 5 A i 1) A i 5
T,

BEI &5 (C ) [RIRE LI TE AN AS 1 710 5 1 A
NRPERER) CHEAEARZ — . AR 2 s B 1A &%
AW, C,,, (5 B 90% A 47 1 n 5] 95% /¢

A, BT A T A Y TEDT ¥ 558 500w i BRI 5 &, 5k
B2 IR ph T AR PA R A R TR 1 38 5 |
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g [RSEEIE 75 B B T 5
&2 IEDT M3 fiae
Table 2 The physical properties of IEDT

o EELVES BEE 25 CHEhIE/ C=CH#: C=C ¥k

SR/ % SR/%  (mPa-s)  HFE/w /s
IEDT1  45.0 90.8 323 83.4 0.20
IEDT2  50.2 91.1 354 87.6 0.21
IEDT3  55.5 93.9 336 89.7 0.22
IEDT4  61.1 94.7 359 86.7 0.20
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S TE] SR BCEAY DLP ATEIR [ 53 4h, KA
ST IAE A5 F QnFLAR S # L 235 AE R o W i, 78
FTER b A% v oz i [ 4k, 7™ B 5% W 4T B[RS B2 A 9%
R, MRIERE , FEMT 1300 mPa-s BB A5
T H DLP-3D FTERHL™ 5 Kt , 4 Ff TEDT ¥yn] |
FHESE ) DLP-3D 4T ERHLEEAT S BEATED
2.3 IEDT B RT-IR 347

KH RT-IR £ REHE T IEDT 16k sh 1
2, IEDT fJSERT C=C SRk 3 frs, %
BE L 2, WG, I IEDT 27 10 s Wik i
KA HR X FEW] IEDT BA BIFHDOEER S RN

100

WD ok TEDT (9 C=C 7E 300 s B [ #54%
9 83.4% ~89.7% , T AR g HA #m 1) C=C %
., IEDT RAFHYIGER G RO i M i C=C
S4B AT BT IR DLP 4TED,
2.4 IEDT H9# S ERES 7
Bk 5 IEDT 1 fiff RE A & (E7) M FE A T
(tan &) Pl L A4k 14 H £ 43 50 W 1 da b FiT7R , 25
CH R I | B B AL e R R BE (T,) RSS2 i
(V) WEE I 3, [E1L)5 IEDT 9 T {1 tan &
AR I B8, S IR B (V) FRAR S L B0 )
LA HEAX .
V.=E'/(3RT) (2)
AP E N T,+50 CRIRHRERL L R O BRAR MR
BT N T, +50 CIILOHRE, & 4a 1751, Bi%
TRLBE 1) 32 T T R, T A R P B A AR ) g
A ERERT R IR, ARAEE 4b  tan 6 BHZEHY
WEAH, W] A 2 TEDT M3 B8 AL e B IR BE (T,) ,

“ ®3 iR, SCHRREWRY T, F 2Rk T HEE B
. (§::$““ﬁwwﬁﬂd- PRSI FE 038 4 8 B
5 oof pa SEHHEAARONTI T | T, 0725 T BB T2
= L IEDT3 W AR A AR BE Y B 2 SIS
1 ~o—IEDT4 " ,
< YT R S B 3 BRI B S—S
201 AN TEDT FYAS IS 5t 4.3% 107 mol/m”
R RN T 9 TSI L1107 mol/m”, T, B 10 87.6 T F
* BTl s o P3N 44.5 °C, M IorR BE—EN fi%E S—S &
E 3 IEDT B UV (B3 hEiEee RN, 1A & BB WAL, TEDT RS2 1k % B
Fig. 3 UV curing kinetics of IEDT T , ST S35 Tg B/‘J—FB%O
5000-2) 0.8-") 1006 P
£ 4000 06 § 80 ;\f
1 3000 = R 60 NS
o 504 ) ¥
22000 ® §= 40 &
# S % i
3T 1000 0.2 fi; 20 =
1 ] 1 1 = 1 1 1 1 -i‘-:‘:»:.: EﬂEH _ 1 1 1 1 1 1
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—o-IEDT1; —o-IEDT2; IEDT3; ——IEDT4,
4 IEDT My 12214 6E ph 2%
Fig. 4 Thermodynamic properties curves of IEDT
%*3 IEDT W12 154E
Table 3 Thermodynamic properties of IEDT
oy 25 CHEfetia, BB kAR R/ SCHRER L/ WIhR o IRLEE / o R/ BRA R ML
a MPa C (x1073 mol-m™) C C %
IEDTI 350.3 44.5 1.1 251.3 351.4 6.2
IEDT2 11022 61.4 2.1 251.2 357.6 8.2
IEDT3 2019.1 75.2 2.8 251.2 369.8 8.3
IEDT4 22453 87.6 4.3 258.3 377.3 8.9

FHEEAIGE T IEDT P 1 4e d 435
Syt G 9 IEDT 78 N, 24 F i TG & DTG Hfi

28 MBI DL AR 3 AR AT LAk 3 AR,
551 B BORAETERIER IR 2 250 °C TG £k 18
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L TEDT H ARSI AN 2% 0 52 A5 T b o0 it s [l B
MUREETE 250 °C LA R I, TEDT 26 1 A a5 1tk
Ao 552 BrBORETE 250~440 °C |, TG fhZ bt 1R E
YT G T B XA BB TEDT 32
Bt TEDT SEARZEH 32 #0543 , A B P9 3R B B
(A IR P £ B IR TEDT 7 I I8 X[ PN ik 31 de
BRI E (T,.) o 55 3 B BE & 2B AF 440 ~ 600
°C,TG MZE#a T 2%, KW IEDT Z 0 43 fif F A ¢
B, TEDT ABRAR BT it 70 80 R 6.2% ~8.9% , Ak
Ui, IEDT BAT AP T2 R e 1 .
2.5 IEDT BIMLHIERE 5 4

IEDT [ R -0 A8 i 2 an &l 5 B , A G E s

40 —o— [EDTI
35+ —o— IEDT2
IEDT3
301 —~—IEDT4
§ 25+
=20
=

0 10 20 30 40 50 60
N A5 %

B 5 IEDT Ky /1-R7 3 #h 2%
Fig. 5 Stress-strain curves of IEDT

W% 4, M IEDT1 3| IEDT4, 1 K} i 7 i 58 B A
2.2 MPa 713 35.3 MPa, IEDT #1338 15 %
FEH 1.1x107° mol/m’ BE M F] 4.3%107° mol/m*, M
M IEDT B LR A8 K B4, LA 45
ZF0 G EAT TA 5 DTPA WAL, Al RAAR
AR B e R R A L
x4 IEDT BN MR
Table 4 Mechanical properties of IEDT

FEA PIERREE/MPa SPERIE/MPa WK /%
IEDTI1 2.220.1 3.4x1.3 55.5+0.9
IEDT2 6.4+0.2 16.6+3.6 52.0+1.0
IEDT3 29.9+1.1 275.1+32.4 11.4+0.2
IEDT4 35.3+1.1 337.8+33.6 11.420.1

2.6 IEDT RIS BEMEEEDHT

IEDT 3R EPEBE WL 5, IEDT1 ~ IEDT4 ¥ B
AR B IR BEMRE, B, MiE S—S g mn,
IEDT WM& ) MFWIVERFFAZE , MHELZ T, bl
A SR BWE N, Iris IEDT #4805 45 28 1
FEM 3B ¥EHNE 3H, RfidE 1A &3, IEDT
T A IR B A 0 S A A R R R
BEAL, FHAS R ( JEK £ PR i 1Y 40K e A F
)X TEDT U Bk Mg 4K 200 k5, i TR i
A B, B TEDT AT 53 B mia v,

%5 IEDT BOiRFEIERE
Table 5 Coating properties of IEDT

B Mg /% BYERE  EEME/mm TTOKZBEER/ TNRREENE/ K T PSR/ T PR /I
IEDT1 3 3B 2 >200 >200 >200 >200
TEDT2 3 3B 2 >200 >200 >200 >200
IEDT3 3 3H 2 >200 >200 >200 >200
IEDT4 3 3H 2 >200 >200 >200 >200

2.7 TW[EY DLP-3D $TED
H IEDT PERERT AT, % RO IR 4 & O [k
3D FTERM AR IR ACZK . BT IEDT3 HilA 411
Fir A B R F = 1 S—S i, Rk I TEDT3 3k
#47 DLP-3D 4TE[, 5%, W 7 IEDT3 4TERT.
VESH0 . 3B SR BE N 0.22 mm, I B8 Y6 1) i)
1.66 s, It LB G AE RS 4.98 m)/em®, {E DLP-3D
FTENE R b B SR R E(D,) Al SR L RE &
(E,) & HRVEH G B AL BE A 4T ERPERE, X 2 4
FIED TAESEOT LA bR -BAMA e HEfE S i g 2 A

AN E
Zy=D,In o (3)
Ly

E, =1y, (4)
. Z B STIREE 51, 0l BRG] 5 ¢ o RO
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