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Synthesis and characterization of hyperbranched castor oil-based UV-curable polyester coatings
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Abstract: [Objective] To address the dependence of conventional ultraviolet (UV)-curable coatings on
petroleum-derived raw materials, a hyperbranched castor oil-based UV-curable polyester coating was prepared and
optimized using renewable castor oil. The effect of reactive diluent content on coating properties was evaluated,
providing a novel technical pathway for the development of environmentally friendly polymer coatings. [Method| The
hydroxyl groups of castor oil were first reacted with 2,2-bis(hydroxymethyl)propionic acid to increase molecular
branching, then the terminal hydroxyls were esterified with maleic anhydride to achieve hydrophilic modification.
Subsequently, glycidyl methacrylate was introduced via ring-opening addition to synthesize the hyperbranched
polyester prepolymer. The chemical structures of key intermediates and the final product were characterized by
Fourier-transform infrared spectroscopy (FT-IR) and proton nuclear magnetic resonance ('H-NMR) spectroscopy. The
prepolymer was formulated with different mass fractions (10%, 20%, 30%, or 40%) of the reactive diluent hydroxyethyl
methacrylate to prepare UV-curable coating systems. The resulting coatings were tested for gel content, water
absorption rate, water contact angle, tensile properties, acid/alkali resistance, hardness, and adhesion. [Result] The
coating containing 20% reactive diluent exhibited optimal performance: gel content 86.57%, water absorption rate
3.63%, water contact angle 75.2°, tensile strength 10.0 MPa, elongation at break 5.8%, Shore A hardness 80.40 HD, and
Grade-1 adhesion. [Conclusion| This formulation shows excellent comprehensive mechanical properties, validating the
feasibility of hyperbranched castor oil-based UV-curable polyester coatings and offering an effective technical strategy
for the preparation of sustainable, high-performance, and eco-friendly polymer coatings.
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AV TR HE T R 20 T AT RESE R . T R PR B AT R A ) R S A SR TR AR R A A AR S ) S B R A

AN (UV) BB AR m 8 i ARFE R AN (VOC) HE S LA 012, il S R BRI D Re
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1.1 FE§

BB (al) . BIgRTRL T AR R A IR A F] s X HOREEER— K& (p-TSA, rirdl) . K
TR 5 2,2- W2 LR (DMPA, 98%) Al 8 I BR 4 7K H i B (GMA) = il AR -4k
TAHRAE; NI (rirdh) . FEENIGIRE L8 (97%) M ZEEREEE (Zn(acac),, 97%): ilFZREEHY
BB RAT; T 4% BREF (MA, 43#r4h) fxd 32208 ik (MEHQ, 43 #rdl) : i BHEL 22 S E IR
NF]; 4- T HEEEME (DMAP, 98%) : RAGEFEA L TARAR; MU T 3R (Ofrd) . ARSI
RGP AT 2-F2K-2- K- 1-2E - 1- 5 R (Darocur 1173, 98%) : §%BALEH AR (1) HRRAH .
1.2 BIUHEMBERIES TENHE
1.2.1  AAF—REB IR ARG ERE C20

#3734 g [1) CO (40 mmol, 1 45) F1 0.18 g [ p-TSA KK T35 R DU e, 20l
MR . AEEFASAD, MAREREEES R . FEEAR, @AZS U R MR R 12
Ko NIEER NIRRT . HEMAEINAE] 145 °C FE)E, ZZNA 1449 g ] DMPA
(108 mmol, 2.7 M), ERRRY TR 2 h 5 FE4kEE AR IMA 28.98 ¢ i1 DMPA (216 mmol,
5.4 5) f10.22 g I p-TSA, 4h8E%3 he RFIZEHE, HZKIETE 145 °C FHIEZS 1 h 24, 1F1ERM
JEf3 229 C20. BEAREREEL W E 1 Fis.
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Figure 1 Synthesis route diagram of C20

REF=WIRIR B 2 90 ~ 100 °C J&, A 112.44 g 7 0N, =5 HEFIMRELN 10 (1.5 ~2.0).
1.2.2 AR F AR IR AL RE C20MA = C20MG

FREL 18.74 g 1) C20 (FLrH %14 108 mmol —OH) . 10.60 g (F124F 108 mmol) ] MA £ 0.15 g [{] DMAP
TINZF0Rer, I8 1.2.1 WHTid e i e E . RS LRSS R4, R P e TE IR s
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Figure 2 Routes for synthesizing C20MA and C20MG
®1 UV ELEFRAER

Table 1 Proportions of components in UV curing systems

FEih m(C20MG)/ g m(HEMA)/ g m (Darocur 1173)/ g m(Zn(acac)2)/ g
C20MG-1 9 1 0.3 0.22
C20MG-2 8 2 0.3 0.43
C20MG-3 7 3 0.3 0.65
C20MG-4 6 4 0.3 0.87

BEFERMHIE T EW R ol B 1 C20MG TR AR, HEMA. Jes] RFIFMEALFIIMA B+,
SR G BB e A e, PRI IR G VRE T8 75 s Ve A R AT I, FF4E 30 min. {8 80 um (R KE
IRA WA ISR A b, e S TE N 120 mW/em? (I AMT, EFERES 5 cm HI3D7 RS, [k
i 18] 20 min.
1.4 HRHERERMNR
1.4.1 4§ ZeH % Besos) 838 (FT-IR) M)XK

187 Nicolet—6700 24 i FLIH- AR 40 21 4G5S DURAL B 9 AR (O FE b AT 44, %504 000 ~ 400 em ™'
1.4.2 A#E3HR A% ("H-NMR) 33X,

{8 F Bruker DRX-400'54 M 3L4RAC,  LATRARE (CDCL) 1E 9IE 74T 'TH-NMR 54 .
1.4.3 BAREMNZ

FIHOR ST 29 4.7 em x 2.5 cm x 1.0 mm B R)Z, (EREERPRERE, 108 me. HBREL
¥R 2 e e EIR A B 7K T, BRESIRE ARIFTE 25 °C, WRARIRIR 78 0 ek 8k S IE It 5 . 24 h 5
WO R JZ, F DB AR B2 25 B 3 THD 7k B R0V, TRGHAR BRI I B, 1000 my o IRMBEIRIBOK R Ry, 4% 5K (1)
THE

m1 — mo

Ry = x100% (1)

n

1.4.4  BERAEAK

1% 1.4.3 Tl IR ZFEM, FRERTFATIRE, Wk G E m'. FHIREEFRA 25 °C 1
IR, BRI 2 70 2 s 7 kG SR  WRZTETRN I IR 24 h, DAFR A I AR AR IR ] i PR LAY o
R A IR, TINEZS TR F L 60 °C M, HRIRBEREAF AL, dFMET G IR
(B m”. UV EIRZ B & & Ry, %30 (2) THE
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1.4.5 K3 A WX

BB () UV [ A 2R G Y S MR8 T80 R I AT SR A6 A o SR 5 8 F i v o 2%
FEURZ RN 0.05 mL 25 B F7K, F FH SL200KS 4 i £ I 521500 7K IR 7 % /2 2 T 10 s 4 fio Ay adb 47000 5
SRR E 3 s EIEIE . BAMRAPEER S MRS BTN, BCOPFIEIE & R .
1.4.6 A9 AEM K

K RGM-3030 %L 5 RERIQHL AT B, WEESBURE RIS ARS8 3 mm, JEE 2 mm, £
RARE 20 mme 7E 5 mmy/min PRI, BRARENEAT 3 UCPATINK, o8 BTN R SR EE (o) AN
Wi R (1), 25 RECFI1E.
1.4.7  BREK A AR JE MK

K LX-A-2 IR PRE BE T 0 B AN IR B RE AT 3 UCPAT IR, BCT (A
1.4.8  #FER AR 3K,

¥ 1.4.3 W& EBRZ R, RBGERBR ZMRE, 2 m,, RS E AN E R, K
VEUF IR Z 7 TR EIR N 10% RE 4L, 5 ) FIEE AN S% BRI KW, &7 24 h J5EUE, FHuE4R
BIRBERIRERMATRE AR, R EBNE A B EE, BN IHRBUR S m, . FEBRE R,
20 (3) T

m; —m,

Ry === x100% 3)

1

1.4.9 & 7 WX

R, ETIE ] (FIEE 1 mm) fERER MR 10 < 10 RI#E, KGR G L 60° M YLl . 4
GobriE: VIEAG AT, T BVERN 0 % fEVI O XAMREG DVrdE A 8, (ERI X 32500
B ANKT 5%N 1 Z; (U138 ARSI LG R E TS, 2R EIAE XUIBEIHE KT 5% EA
KT 15%4 2 G RIZIRVIBIA L0 5 BUAR AR i v, A/ERAE & B AR o Bl A vk, =2
SRS XOVRITEAUK T 15%HA KT 35%H4 3 s RIZ DB L BRI v V%, 50— L8 757 4% 35049 B
ST, MR KT 35%EARKT 65%NK 4 % KT 4 ™ EHIEN S Ko

2 H#HR5HS
2.1  ZISMRYTEE S A

C20. C20MA. C20MG ) FT-IR i 3 Az 7E 3 441 cm™' Abts i BIUAR #7458 7 K ) F2 JE i
W, 56 s R IEMST, &8 — R NERIEE24, 2938 cm™ F1 2 855 cm™! A N7 [ B & —CHo—
A—CH—MIR YU, 1 737 em™' AbJEFRHE (C=0) MM IS, %15k CO Jer=9 C20 fEAR 7 %
HRIRAM, BHAE C20 MIEEH 1720 ~ 1 706 cm ™! 4bBA K ILE KL DMPA (1R ERFFAETR IS U4, 15 B DMPA
CHEAZ gL, 538 T AERE. 1640 cm™ 4R C=C XU IH4ERENE, R4 s Ih i
T BRI E A BINBANGE R, TR RS G NS, fFE SR ERAITE C20 EARWT 5 A XU 1A . 7E C20MA
I, 1 846 cm™ W HER S AH MA R S8 56 210 H B0 AR IF GRlIE) (MR WU, S 4:4E C20MG
BRI K . 1643 em™! Ab C=C WUEEIE 258, W HES GMA MISIANA XK. 25 BTk, Bisr=9
C20MG LIl %
2.2 'H-NMR RIES 7

C20. C20MA F1 C20MG ] '"H-NMR 1/ 4 flizs. a kb (220088 7.3) 28 H R0 2 AR S0 VA 77106
BN 4.1 ~ 4.4 ]2 3.4 ~ 3.5 Ah )T 068 )& T 5 lis L (—OCOCH,) FMH #23k (—CH,OH) % LB i% (1) 7
FEL R FUE, 5.2~ 5.6 4N JE Tk C=C—H M F. AR AET 0.8 ~ 1.6 AbFIRFAEIE I & T B FRo g
Iit%E. DMPA. MA F1 GMA H i FEJE/ F L BRI 76, AN C20 2 C20MA H v &b H I T8,
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Figure 3 FT-IR spectra of C20, C20MA, and C20MG

jgo9 : ogkﬁ/v_!fa
i £ co v o
““o’r\o == \Bfoﬁfm ’!,‘
= IBE
fgi Js b \
M e S NN

80 75 170 65 6.0 5.5 50 45 40 35 30 25 2'.0 1?5 1.'0 0?5
B4 C20. C20MA 1 C20MG BJ '"H-NMR E[E
Figure 4 'H-NMR spectra of C20, C20MA, and C20MG

MAE C20MG | h AL SCHT B 10, X = bR B LR B SR BRI AT 5k A A R 4 /K H b B 51N €200 25
& FT-IR Al 'H-NMR & ERE, Pré B =45 it i) B AR a5 AT o
2.3 AEMERZEFRAKR

B S BT R UV BRSO B2 B/ R, et 1 A A R R EL ], R
e I AC R TR 7y, AR S R IR G MR 58 3 o AR SEBR IS A & B LI 5. Bl BoR, B
HAE 85.07% ~ 87.21%2 18, RIS NENTE T, (BAHEE MBI TE IR . XAl fE5 [H AL
A RA R, FEE C=C AR RETE 4 RN AW T H B E AL 2 A (A5 120 mW/em?, BEE 5 em,
I TA) 20 min) RHE T X FERE . REFE IR ESR A MEREIVI A . BARIE K [E AL ) PG b AT DA — 2
B U AL R MR & i, (H th T RERE AN BEDSH FEAN A A, B ST e S BUT BE AR TS24 = 1 9
Pho PRIE, TR AR — AN EVERE 5 RO Z RIS T4 R

Ji4h, BEE HEMA JEPEMES G EERIR N, S & B MRS, XKW 5RESEPIH g
KB BRI T 70 TR EAE 71, AR IR RO, RS man, ERFE
W T HBBEEESY BUFS C=C XN, MMt 1 C=C JUIIFALE, $Ewm 1R IRISZICE L .
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SRR M EL R, TEVEMERM B & B IR EIR, TROK B K, C20MG-1. C20MG-2. C20MG-3
Al C20MG-4 A G IE IR KR 73BN 4.32%. 3.63%. 3.11%HM 2.47%, FEAEHAST LK 5 Fix,
WIS FCrhig RIS & B INAEA T 2 EIRECR . @B NIRZMPPRS NS, Ko
FHEUBEHNREN: R, KRCKREE TR TEEGBEDRZE . AL, KRR wmK
SFHHEN, SRR 2 k2 5 KT, TRoKE BRI 21K .
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Figure 5 Gel contents and water absorption rates of different coatings
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AR R R R TR R KA A A B 6 P BEETEVER RS g N, K A S K
SRR o FERT A BOK A A 1 KT e /2 A HEMA RIS R IR LMK, C=C XK & 5 PARAL
BREE, KPR K. e B BT 12Kk, X AT AR s PR KA AE . HEMA 70 7
FOSRKIER], BWCERAERIERA S SF —E 2Rk, BRMEEIMA MA F1 GMA N isimfedt, (H1)
A PR A SCRE D, I S ECRKEE BN & B R, WoKPERR N5, BKIERE B RFEC, (615
WZ KB AN . SEIR, C20MG-2 AH LA = 2% i o5 e K B A

M EE R
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s 69.0° A
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Figure 6 Contact angles of different coatings

2.5 HREBRREEES T

RIZ BRI 7 R . BEE TR AN K, 2 AL SR 8.6 MPa R 552715 1
21.5 MPa, HEZFHE HEMA &2 KFEARRF LR, C=C WRLEHRE, BHLRETIIL
WK BEZ i wm, oy TREAE N s, SCHRES A BINARE o 10 W RIS TR AR FRAE 4.5% ~ 5.8%,
C20MG-3 HIl C20MG-4 &A1 B, C20MG-2 IR KR K. Bk UL, SRRV RAF, RN BB
5k Re, WTRABIETTR, AR B uoR.
2.6 AREREADMLILEE

TR BT R I 1045 R LR 20 7E 5% (R 7040 HCLIE IR 24 h J&, 4 DEEIRZ R BTERUR
FE10% LR, ATIWVEATHA — 2 M. EIREERE R IR 1 h (IR, 1918 3 2 30 1 R E
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Figure 7 Tensile strength and elongation at break of different coatings

®2 AFESREHHEREN . EEMMED

Table 2 Acid and alkali resistance, hardness, and adhesion strength of different coatings

FE ity 5% HCL ¥ b 1) BT B 40 2R 26/ % 1% NaOH 578 H (1) 4 0k %6/ % ARIG A f8JE/ HD - BT i/ 2%
C20MG-1 8.54 42.85 78.75 2
C20MG-2 9.67 48.95 80.40 1
C20MG-3 9.77 62.50 78.05 3
C20MG-4 9.84 41.25 75.55 3

J%, 24 h G LR ANHUIR, WSS T 2 e s, i BRI 2 AR A6 1A A e Rk o X 32 BEH R T
oy T G R AE MITE B 26 11 T 2 R A e K

] A BB (0 B8 32 S M B R B P . AR 2 AT DL M, B Ve VER RS B30, IRZ AR IR A BE AL
TREE R KGN, AR AE 75.55 ~ 80.40 HD, C20MG-3 fll C20MG-4 B84 K%, C20MG-2 [fifi i
80.40 HD A KiE .

2 B 73R R R K HEMA & & (10% ~ 20%) i, IRJZIEE o358, & HEMA &
& (30% ~ 40%) I, Bt B4k, IXVET SIS & RS AR )N ) Te 4 K R 24 HEMA &2 M 10%34
T2 20%KF, AR RFEEFRAR, IRBHRCT S X M IR S B R s, St gs & ishas, =ME
M2 BIRFHE 1 R EFHE. Rifi, 2 HEMA R DHINE 30% ~ 40%H, i@ sg B i 5580
[ 4k P By BRI R, I RS & 71, BON SRS N AR 3 R EER . Fik, C20MG-2 145
HrERemA, ATHE T HAGFESR L& )15 W) Z AR T s tE P4 .

3 &g

ARG DAEERR A R, FIF DMPA 47 J& BRI 1) SC8E, IOKIREE 4, BRIl 6 i 17 b S A B Rk s
RlE, 54&40 UV SEGIRZEML, ERMMAE 7 A/ m, S TRIs G, ARG B ARAR
UV SRR ERREE T — BB I HE AR L.

TEPERR R HEMA I8N 20%I FT A3 4R 2 M REIA 2 1 Fe it , FLlt e & B8 86.57%, WK% 3.63%,
FIH5RFEN 10.0 MPa, B2y 5.8%, /KEEMfMILR] 1 75.2°, AR 80.40 HD, ME 114K,
M R Pk R 4T
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