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1.1 RXFSMEH

A K 5 (Epoxy Soybean Oil, ESO) , ¥ ¥4 {H : 375 mmol/100 g, 1-Gi AL H ¥ . 4- = H & it
BE (DMAP) , 43 74l BT R T A 51, 4-28 Z00R L 43 46, it 75 28 7] B IR 86 (Mg SO, , =% H e, IF B
Bt . DU K CTHE) , 20 M 2l , 78 P Bl 24 I A BRA &

T A7 4 52 S5 0032 B A2 %) e L o A8 48 2T P % 15 A (FT-IR , Nicolet 205 %), 3% [F Milford 2y &l ; 21 8 #1
PRAE BE 3 AT (DMA, TA Q800 A1), £ E TA 24 H); 28 78 1 1 # AL (DSC, 204 A1), [F NETZSCH
2 E RE ST (TGA, TAQ 500 D), 2 E TA Aw]; J7 R R AR5 AL, b BRI = B AR AR A
36 BB (BA210 B, v [ 22 7 B 48 A A R 23 )

1.2 LI

12,1 2,2'-(1,4- W A 3O - 4-FRBE-1,3, 2- R 4% 06 1 (BDB) R BRI 19 & L DLE & R SCHikh 2
FUH U 1.4 R AN -GS H A FORL A BT S B EE Y BDB sZBRA L 8 1.4 E-TRR (3. 0 g,
18. 1 mmoD Al 1-Bi AR H ¥ (4. 1 g,38. 1 mmoD) % f# T VU S WG (80 mL) FIZK (0. 1 mL) MR G . A
BRRREE (5. 0 @ XM FHEPE 24 h )5 L UEBR BRI W, X BT A W EA T e 25 . R B (T e R . e f
FEERAE 50 “CIE e h i P 3 ho B L e 7845 8] 1 @ A S B 2™ 9. (4.6 g,81%)

1.2.2 V-ESO R fmyfhil 4 HEA RT3, 0 g,3 mmol) 7620 78 = S W ke v I A 25 8 110 32 Bk
7 BDB(0. 44 g,1. 42 mmol;0. 87 g,2. 81 mmol;1. 31 g,4. 22 mmol;1. 75 g,5. 65 mmol) FlE L] 4-—
FH R S BE Mk e (FH 224 BDB 19 25%0)) , 76 180 “C R ¥ 30 min DL BRI L AK LA B /N G344 Jo , ) B
HAmRA B 2. SRR IR SRR E s R4 d, 120 C TR 24 h, IR B A E
MR T M4 V-ESO-x (WK 1 Fi7R) . V-ESO-2 i) = J&48 BDB th—SH %415 ESO Hh 34
FEPA A BE IR U AE L 40 A V-ESO-0. 25, V-ESO-0. 50, V-ESO-0. 75, V-ESO-1. 00,

1.3 M5 R

K H Nicolet 205 FT-IR ¢ 1A it 5 18 57 A B 21 4 (FT-1R) &% . L 600~4000 em ™' 5 I N L FAE
T BDB. # A K G (ESO) M V-ESO-a 28 ¥) ., FIHIEE TAQ 800 BB Iy 2% 43 Hr AL 22 F i 1Y
fitt REAS 4 AR A T 26, FE A K FE R . 15 mm X4 mm X 1 mm, FHR B EE 3 °C/min, i B0 H . 35~
115 C M2 1 Hz, N, GR35 0 A8 st i, FHR 3 < 3 °C/min, #ASBET [A] 2 20 min, SN 1 Hz, i
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Figure 1  Synthesis of V-ESO
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35~800 °C, N, FR4 5 R FHTRII = KGR BE B AT BR 2> 7] 59 75 BE R 13X 56 AL AR ity 28 47 17 4 30 36, 37 if i
AR5 mm/min, 7] LURAFRLAGR B W 2RI DL R A A4

2 #R53%®

2.1 V-ESOWH &5 LRI

Jo T & BAT S A RE L A 15 B RN A Y A ST I B B 4 T A SR IR Y AR
Pt (BDB) A 2y 32 16501 1 4k 2 4 % 109 A8 4K W29 3 3 0 - A0 4 0 7 R O v A0 I [ b 3 IG5
UE I - 2 25 000 792 1 6 2 4 0 9 2 B B I 45 1 JE B, R ) FTIR X ESO.BDB. V-ESO #E17 A, 14 5] 25 R
WE 2 P, FIRSE 1238 A 829 em ' Ab i B Wi U 43 ) 2 31 LB AT C—O—C B Ay X iR i 45
By R S%E R A 445 i 2 W IS0 5 2560 em ' Ak Y WSO S — SH B A 45 4R Sl WO 5 1740 em b A IR M 06
N C= O B MgE 4R sh ol 5 ESO B3 EIAR H V-ESO #3858 W i 5 135 I I B A 8 &8 T 32
EiH 2% ;5 BDB 13 B AH . V-ESO BY—SH W i 1§ 38 25 s 5 ESO #1 BDB #H k. V-ESO 1Y 1% &l I+
3450 em ' ARHVEL T W B A —OH 4 4R h Wi s L E R R W ESO FRY A RIA S BDB L
—SH M LA T MG RN IR EEH —OH RSB M4, Wi, C = O &M A WY & £ ESO il
V-ESO & E IR K AW B, R ML b Kt Q8 . sAh. W3R 1 R, L 1740 ecm ' Ab1E
EH C= O WElE hZ %, V-ESO %K | 829 cm ' Ab I Y 358 3 A8 4k S I 58 B 2 1E T (829/1740) ,
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Figure 2 FTIR spectra of ESO, BDB and V-ESO-x

®1 7[E BDB&E V-ESO-x 4ISMEE LIREEFAE C—O0 ByIERLLE
Table 1 The ratios of peak intensity between epoxy groups and C = O of the V-ESO-x spectra with different BDB contents

B i B A g 5 C =0 Wi U 58 A
V-ESO-0. 25 7993. 3 10374 0.77052
V-ESO-0. 50 9007. 2 14696 0.61295
V-ESO-0. 75 4767. 4 13103 0.36384
V-ESO-1. 00 4346. 3 15352 0.28313

2.2 MR AEESEBUETEE

R T W FE AN [R) 28 56 551 FH k% BT A5 B 480 5 T 28 B B 1 LA 1 BB 1) 52 L X AN [R] BDB/ESO F EE /R H 3]
(0.47.,0. 94, 1. 41 1. 88) [ fk r 15 P14 &2 1 2 B 389 1147 LA BB I, 75 B P i ANl 3 () . B A5 W1
PSS IR0 118 5 B R B o, 3R 0 T 2R B B ) 2E MR BB R W 5, XY BDB/ESO BE R F R fie /N (0. A7) B LK
PERE TS PR EE A 0. 15 MPa, Wi 24K B0 186, 4 [CHL Ly 0. 85 MPa, FIHEAR S 0. 02 MI/m’ ;
VST R S 2 P B 1) A SR ST S R VA AR A sC BE TS, 24 BDB/ESO BE/R LG E 2 1. 88 B, HLAR M g 15
e KPR A E] 11, 4 MPa, W 2R KRB E] 17% A5 KA R 67 MPa, @I PR E] 1,13 MJ/m’, 40
F 3(b) . PSR T Williams S804 FH BRGS0 AR 55 R 1 4 10 38 A S B 35 45 (0. 6 MPa) ™,
X 2 P T I 2 T 1 5 B0 ) ) 9 T o 28 B D 4% 11 A8 K R R ) L D 46 A i 2 B L Y A AR
3 R B AR A S e e S [ T B ST A 2 B I 4% i R A B e

XF A B 48 T I 2R B B E AT TGA P53 TGA M DTG thg in & 4, #fase N £ Bgb gk 2 iR,
WESE T AS R 2 06 700 1 Sk A9 A S0 Tl 28 B 05 1 VAR PR R . B % S R T IS BB o S8 I R % kA 1S
(BDB/ESO EE/R H i 0. 47—>1. 88) . 1 U 43 i 115 & A1 50 V0 43 ik 115 £ #0 RY 1 AT FIF W AR 400 B 40 fifk T 3 I
334 CREARE] 293 °C,50 %0 4 i i B I 396 “C FAIKE] 361 °C ,aX il BEJ& fH T3S BK 5 B B BE 2 55 ) C—S
T3 30 55 e A PR T A 4 i T SO S 2K B I 445 1 AR S R T AR L I B S B R Y
B DTG 4 A — A 3= B2 0 g 0 2% Sy 1Y Gk 79 A R S e PR O 52 0 0 g s B W] B2 C—S 1 7 284 1 IR AL
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Figure 3 Mechanical properties of V-ESO-x with different BDB contents: (a) stress-strain curves;
(b) mechanical properties
(b)
V-ESO-0.25
ﬁ Tsoq7) RIS V-ES0-0.50
£ 40t
V-ESO-0.75
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20+ —V-Egg-g.so /\//\x_—
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Figure 4 (a) TGA and (b) DTG curves of V-ESO-x with different BDB contents
*®2 7A[FE BDB&E V-ESO-x A EMREZ
Table 2 Thermal stability factors of V-ESO-x with different BDB contents
KE S T 100, (T T500 (°C) 5% BR 433 Y6 (500 °C) FRER 33 Y (700 °C)H
V-ESO-0. 25 333.7 395.9 8. 462 6.592
V-ESO-0. 50 319.9 386. 8 10.12 9.073
V-ESO-0. 75 302.1 370. 2 10. 72 9. 815
V-ESO-1. 00 293.0 361.0 14.74 13. 90

W, I i 2 5 B0 3R 5 o 10 00 A A A L R AT R B AR T R R R % R A I S R ) 2 e 8 i
ARG . BR B TR 435 (500 1 700 °C )t Bl 25 32 IR 1 3G i G i, o7 BB & O BDB & g A B
HIS 1A 5% B 1 T B,

A B GRS V-ESO-2 19 DSC MNRAAH 2] ih 2 dn el 5 Br7R o 3 2k #4072 5 A8 ] D) AR A 3 1
FRHG AR EE (T ) - B 45 28 B 55 BDB & & 19 3 i, 28 %0 GOl 2R 38 58 V-ESO-= 19 T, L —16 °C 1§ jin 21
35 C. XETREH THE BDB & it iy3% in . % 4% 22 B B 1 A Bl 22 38 in . DT BIR i 17 9 45 4 Bt 1442 2 il
W, T A AR R TSR T, T T, BN T R L B E AU AR ICAZ 1 T A T
B TR T, IXRE A BB R UEARE S N A7 7 T8 22 1 80 AT 30 28 40 S I R 4k 8 FL i Z DI etk
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Figure 5 DSC curves of V-ESO-x with different BDB contents

2.3 BhEHAMAERE
LG A M o TR R BB & o T LA A W4 R L T DUAE R B 8 R N AR T AR
(4 18 75 AT 22 0056 & ) 2 B AR AT BN T BE 1. MR Bk 38 & 4 1 7= Ak — e B AR i, D B A7 7E
R T 32 48 1) Sl 2 S e L T 45 B B g AT AT R BN AR T AR I R T R B AR AR R . Y
I8 70 b B0 400 LA B B B 1/ BT B A B IR DA 17 T R Al S ) (o0t o R R T AT 0L M S e 2 B 3 )
26 (1 34 SV 55 40 FIN 45 ) F HE R (R B B B I 45 B B iz sh M 4109 B8 1. R DMA Xt BT il 4% 1 26
SR IS B B R AT Bl AN FAAL A R D, P A AN [ I RE T R N ) R i R i 1B 6a, £ 40 C LA B V-
ESO-1. 00 ¥ 5 1T LA % Az W 1 58 44 it o & B A 420 52 31l 28 B 58 A8 30 2o 00 198 155 = 48 S 1o 3k 3] o0 4% i 41,
Wit & I B 0 TR (40~ 80 °C), V-ESO-1. 00 By 1 g #4 5t fin bR, #a 5t Bsf (8] 45 2 (59 ~ 28 &), X JEH T &
Th e 0 B 2 1 0 T 45 v 00 1R T R e S PR D 4% B3 o A R R i R R U RO N T e T R
PEAE AR FNER S 5 AR IR (T D) & 2R B 38 5 40 T ah A P Ae i 2 AR IE S 40 MDY 2R s = oy T 36 N
10" Paes BB . KRBER 050 T A9 1 W8 3 AT B AF A Arrhenius 7582 (1), P o SR 7 b sl st ]
In(z D) NIRRT F,R HAAREEL T 24X\ . WK 6b Ui, V-ESO-1. 00 # ) In() 5 1/T K
A RAZNE R NAERI R I A IEILEE (E,) KRN 17 k] e mol 'L T Wu BREASZL il £ (1 K SR
R [ AL R S TS R AR B N (Ea =112 kJemol ™, F W% M 4 5% Bz 3 T 2 g IR 19 Bk
BAK BB iz h A By AT A R T m R 8 . i Maxwell J5 foR 64 10" Paes B (191 F
FA I ] (z=3. 0X10°) " L AT A8 A Arrhenius 7 REAI#43] T,(—137 C) . FRUEHMNHF A KT
WA SARAE AT T, BAR, A R T B9 R e 52 8 B g 19 & A
In(z) =In(¢") +E,/RT @))
Bl 7 45 1) V-ESO-1. 00 [ fi BEAR & (E") FIFE I F (tan o) Mgk . T AT, 30480 59 28 B 35 2L
A MY I 26 I3 5 4 B AR RE A TR R M kL TR AR B A AR AR RE AR B L B R IR T TR R A o NSt
HE ARG HEAS | it REA B i 2 AR . 3 T 2 SO S e A B A 20 (2) L il 3 20 20T DU AS B 24 KA )
22 e HE
£
Ve=iRrT
XV, N E EE A B9, 8 MPa) ,R A (8. 314 J/(mol+K)), T FxREA
B AR R EE (T, +30 ‘C =100 ‘C), HHAEMRZLHKEN 1.1X10 ° mol/ecm’., M V-ESO-1. 00 £ i
tand {14% b ) 245 RE I (15 3 9 35 AL 55 A8 IR B2 7E 70 “C I, 5 DSC 453 T, (35 CHOA — i 21, X 2 W

2)
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Figure 6 (a) Stress relaxation curves and (b) Arrhenius plot of V-ESO-1. 00 at different temperatures

Foft A [6) 8 0  BRT E y T R E S I I 4% 1) o B AN /N L R A B A B A I ) R I AR AN 1]
S TASE A A aT B Gk LA Eoi g, L DMA K-S DCS K B 4 T, A7 7 22 B8, T4 T 52 Bk R 2%
DMA J5 ik 8 Al 5

350 0.40
300 0.38
2250 056
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Z 200 M
Eiﬂ 032 =
2 fere
29 150 030 ==
iz LSS
100 d58
50 F 0.26
0 1 1 1 1 024
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HE/PC
B 7 V-ESO-1.00 [ fif B Ak AR AL R 7 il 2k
Figure 7 Storage modulus and tand curves of V-ESO-1. 00

2.4 WmRidiZ.BEEMERERE

W BLBURE S N TR E 100 °C (T, RhF) I JL S0 g = gl YR 7 HY L 9K Ji5 0 < Dl TR 7 R B 2% AR R
RIFEH BB ST DU RR IR 7 A o D TR BB S B O A E 100 “CJR L FEAR T DAFE 2 min 247
P [0 WG 0 D ADIRAS . ARJE S © G AT — R AR TE -T2 A A PR GHE AT BT R IR 1 < AR T -
M, X V-ESO-1. 00 B4 AT IR AR ICAZ M 32 i) 5 #8 R 4R 18 7 An (&1 8 Jir s . DA T R RIAE 4% RE 7 5 T
(100 “C) T e 28 S AN R AR BAR IR (25 °CO) FARFFIZIZ R, K & 1 (100 C) BB PR (2 min D) [l &
JEAT TR, 2 B JIr 45 24 480 0 3 2 1 0 EL A A 35 g 17 T R C A2 T R L DA 1T IR G AZ BB 7 2 i A IR SR R U
B8 35 ) 45 DAY 114 20 2 IR T e A AR e A S R A T 0 S ok S B

h TGS IR SIS B R ) BB E VERE L FH T A e V-ESO-1. 00 £ & X+ KR OB )
26. 83 pm A1) :35. 62 pm) K HAE 100 CHEF N ZESF 45 min #4T A @A B E RS L BT
TEERE S FE RGO At B A W 9 FioR . ] LA AR SRR 20 45 min A9 56 A & A kb2
Joi e R A SE 2 M A AR R — AR E B 2R LTS R A T R B A R I A E
Uifig. AT Yang PR A LAY A B 14k R 2 i ] 4 09 20 SR 28 3 0 08 &2 2514 (180 °C , 60 min) , BEJiN
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Figure 8 Optical microscope images of shape-memory performance of V-ESO-1. 00
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Figure 9 (a) Optical micrographs of V-ESO-1. 00 sample before and after self-healing; (b) exchange mechanism of
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boronic ester bonds

F T A A 2 9 28 R ) 4% e B EL A A s 19 3 A R RO Bl BE U7 . RE TR B NG 4% 1R R BE AT B nl i g
G T — B UE SR R KR HE R T T R 4 580 4. 6 mm 19 ST R R 1) B0 KT — 43 L SRR U
Wr B RE 2R S U & (K 5. 0 mm) L 78 100 “CHER N 20 B R 2 A RIS ] (3,69 b BEAT R 4% R IR 2 U5 /Y
FEARHUN R Ve SN i P19 B K A A AR e TR RE o X A [ o 2 Ak B[R] B A5 2% AT g 2 R RE N
T AR SBCR SE h  JS R  5 D R o o T R IR SR R L A A T BR A 1A
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Figure 10 (a) Optical microscope images of V-ESO-1. 00 welded sample before and after tensile test;

(b) stress-strain curves and (c¢) welding efficiency of welding samples
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Figure 11  (a) Optical microscope images of thermal recycling performance of V-ESO-1. 00 sample.

(b) FTIR spectra, (¢) mechanical properties, (d) recovery rate of the reprocessed samples with different cycles
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Self-healing, Welding, Reprocessing Boronic Ester
Vitrimers Based on Epoxidized Soybean Oil

ZENG Yan-ning” , YANG Bin, YANG Wei-ming
(School of Materials Science and Engineering s Guilin University of Technology, Guilin 541004, China)

Abstract: Traditional polymer with network structures possess stable and excellent performance, however, once
damaged, they cannot be self-healing and reprocessing. Currently, most of the monomers originated from non-renewable
coal and petroleum resources, which aggravates the crisis of non-renewable resources. Vitrimer featured with reversible
covalent crosslinking networks can be rearranged its network under external stimulation to promote its reprocessing and
self-healing capability. In this work. epoxy vitrimers were prepared by epoxy-thiol “click” reaction between epoxy soybean
oil with abundant epoxy group as matrix and BDB (2, 2'-(1, 4-Phenylene)-bis [ 4-mercaptanl, 3, 2-dioxaborolane ]) with

SH group as crosslinking agent. The effect of the content of crosslinking agent on the structure and properties of vitrimer
polymer was studied. When the epoxy group and thiol was equivalent, the vitrimer polymer displayed the best properties
(excellent reprocessing. self-healing, and welding ability).

Key words: Vitrimers; Boronic ester bond; Self-healing; Reprocessing; Welding
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